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p Aveling & Porter, Ltd., 


Rocuzstsr, Kent, 
and. 72, Caxxon Srauet, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM OULTIVATING MACHINERY. 
STEAM WAGONS. erro 
CEMENT-MAKING MACHINERY- 


A. G. MM antord Li 


OULVER STREET WORKS, COLOHESTER. 
Ow ApMimalrr AND War Oprics Lists. 
ENGINES for T Boats. Yachts, Launches. 
BO: FEED PUMPS. 
See Advertisement, page 24, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS 
And Auxiliary Machinery as supplied to the 
Admiralty Od 2179 
UE sapeak PSssacenls and Police 
LAUNCHES. 4407 
JOHN SAMUEL WHITE & COMPANY, Lrp., 
Shipbuilders and Engineers, 
Eaer Cowrs, I. W. 


C€'S Hydro Paenmatic ASh- Ejector. 
Gaseereha soft ck Nonvise. Nodust, No dirt. 











Y arrow & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of Portar, Lo 
SPEEDS UP TO 45 MILES AN HOUR, 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


Campbells & Hunter, [4- 


SPECIALISTS IN 
Drilling & Boring Machinery 
for Engine Works and Boiler Shops. i 
DOLPHIN FOUNDRY, LEEDS. _4547 


“Yachts, Launches or Barges. 


Built complete with Steam, Oil or Petrol 
Motors; or Machinery supplied. Od 8551 


VOSPER & CO., Lrp., Broap Street, PorrsmMouTs. 


f['ank Locomotives. 


Specification and b pow en nae equal to 


Main Line Locomoti 
R. & W. HAWTHORN. LESLIE & 00., Lap., 
ENGINEERS, NEWCASTLE-ON-TYNE.. 4321 


Od 8758 














and 
i. Dpurveyeen, 43, Billiter Bldgs., Billiter St., London, E.O. 
Od 4835 





Cement Plants. 
Grinding Mills, Dust 
and Conveying Machi: &. 
ENGINEERING MPANY, ° 
Rocuzgster Kent. 4732 


(js —egnien, Suction Plants, 


Tests and Expert 





advice. 3. J. DAVIS, M.1. Mech. E., b mgy Eastern 
Road, East 1 


Stratford. Telephones : : ; Stratford 


569. Tel. : Rapidising, London. 1794 
petter Oil hy2gines. 
Manufactured by 8591 

PETTERS Lucrep, Engineers, Yeovil. 
» Loweoek’s Kconomisers 


axp CAST-IRON FLANGED PIPES. 
_4&. TOWOOCK, Lr., SHREWSBURY. 4562 











John “iT hom 
a WOLVERHAMPTON. 4850 
‘team Hamniers 


with or 
withou Hand- 
fooLse it ies). _ — or self-acting 


4412 
DAVIS & PRIMROSK, Laur Laure, Lurra, indiemanien 


Brett's Patent [ piter Co. 


Hammers, I Presses, Furnaces, 
Bever, Dorling & & Co., Lid., 
OR 


BRAD 

HIGH-OLASS ENGINES FOR Pau PURPOSES, 
also WINDING, HAULING, AIR eden 
and PUMPING ENGINES. 


Yranes.— Electric, Sicam, 
vue r t= and HAND, 


SS ar + 
GEORGE Rus ELL & OO., Lrp., 
Motherwell, near Glasgow. 4 


oR . Heber Radford, Son «Squire, 


Sian aup Grim, Wenda. 
aaa aluers, lover 60 years. 
On Evournzes, R: ‘TORS AND 
Farmer Aemrrs, (Senior Pur Hesse 
Mem. Inet. Mechanical Pare cor Hee a 

Mem. Iron I 


Archi 
mn! of Patent Agents 485) 
Tel % James Row, SHEFFIELD. 
siegrame : Sheffield.” Telephone : 425. 


) Weldiess-Steel Tabes 
ao 


sOn, 




















Fellow [he @ 


. CARRIAGE & WAC 
8179 CAST: STEEL 


M2chine Tools in Stock :— 


Vertical DRILLS, to admit 18 in., 26 in., 
and 36 in. Fg aes Bolt Screwing MACHI NES. 
10}in. cen’ Special ree LATHE. Sevond- 
hand PLANER, 25 ft. by 6 ft. by 6 ft. 

JA MES SPENCER & ©O., Lrp., 4300 
Chamber Iron Works, Hollinwood, Manchester. 


Gteel Foundry For Sale, 


The BUSINESS of C. W. ROBINSON & OO., Lap. 
at Forth Bridge Steel Worke, Polmont Station. 
The Ground extends to three acres, and is held 
clear of burdens. 
The Works are equipped with a ton Siemen’e 
m Hearth Furnace and 12 Crucible Pot Holes. 
effect an immediate sale a verylow price will be 
—— 


MoCLELLAND, KER & O00. O©.A. 
115, St. Vincent Street, Giasgow. 


New Colbourn High Duty 
SHELL DRILLING MACHWINES. 


LATHES, Vertical BORING and TURNING 
MILLS, &c. 





JOHN MAOCNAB, Mary Srresr, Hyros. 
Tel..No.: 78 Hyde. 4629 
Tus Guascow RoLtuve Stock anp Piant Works. 


urst, Nelson & Co., Ltd., 


Builders of RAILWAY OSEAN, CAROUE. 
ELECTRIC CARS and Evarr DESCRIPTION OF 
RAILWAY axp TRAMWAY ROLLING STOCK. 

Makers of Wuex.s and Axces, Ramway Pant, 
Foreme, Surrn Work, Iron ano Brass ©, 
Office and Ohiet W: Works : Motherwell, 
Cardiff Office: Gordon 
London Office: 14, b perme 
See Illustrated Advt. in alternate issue: 


Pp & W. MacLellan, Limited, 
*  OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF BVERY DESCRIPTION. 








Chief Offices: 129, Trongate, Guaseow. Od 8547 
Registered Office: 1084, Cannon St., London, E.O. 


RAILWAY IRONWORK, BRIDGES, ROOFING, &. | 


Re 


OA 


yles 


FIERS, 
CONDENSERS, AIR HEATERS, 
STEAM anv GAS KETTLES. 
Merrill's Patent TWIN STRAINERS for PumpSuctions 
SYPHONIA STEAM TRAPS, 
High-class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING. 


TERS, 
EVAPORATORS, ; 


REDUCING 


Limite 2 
ENGINEERS, IRLAM, MANCHESTER. 
FEED eae HEA 
Row’s 
PATENTS. 


ALVES. 


4924 





London Office 
148, Cannon 8t., 


tubes, Iron and Steel. 
Edwin Lewis & Sons, ,s 
Wolverhampton. 


EO. 





BROAD STREET 
LO! 


bag ng 
Stewarts and Loves, L@ 


41, OSWALD ST., GLASGOW ; 


CHAMBERS, BIRMINGHAM ; and 


Op Broap Srazst, E.C. 
157, Ura. THAMESST., E.O. 


_— Me ae 


OH 5 
CARDIFF WAREHOUSE—182, Burs Sr. 


See 


Craig 


BIRMINGHAM WAREHOUSES — Broap 
Cuameers, Sueercors 8t., 


Advertisement pace ‘26. 


Sraest 
and 10, Oouzsum. Sr. 


4990 


& Donald, Ltd., Machine 


iL. MAKERS, Somnedem, near Glasgow. 


For class of Machine Toole see our Illustrated 
Advertisement every alternate week. 


1358 





Se 


nks 
Cheap, and 


or 
Lioyd’s 


17, 


Sale, 


arators 


— PrOR —— 


Pp 


EXHAUST STEAM 
OOMPRESSED AIR 


UB BINES. 


HIGH PRESSURE 


aTEAN. 


rinceps & Co., 


SHEFFIELD. 


Bieweag 


Wanted.—Three or D' 


Four IRON TANKS, 12 ft. by 10 ft. by 8 re 
in gqod Address, D 
Offices of ENGINERRING. 


Set of Berry’s Two - Throw 


Vertical Belt driven Hydraulic Pressure PUMPS 
rams 1} dia. by 2 in. repre working up to dy 
- Hydraulic Pressure ACCUMULA 


condition. — 


6 in. 
6 ft. stroke, both quite new FOR SALE.—BLAKEY'S 
MALLEABLE. IRON WORKS, _ Armlev, leeds. D263 


Marine Boiler, 


6 ft. Gin. by . 6 in. B.T., 195 Ib. wp, 
certificate. By W. Sisson & Oo., 


No. 1293, 


Nov., 1912. Unused. 
SINCLAIR, HAMILTON & OO., 


St. Helen’s Place, E.O. 


D8 





diameter 
4 ft. 8} in.—. 
5, Broad Street 


lace, E.O. 


Leomotives in Stock.— 





[wo 200 KW: Westinghouse 


ALTERNATORS and EXCITERS, phase, 


Two Belliss D.C. 275 KW. SETS, 500 volts. Two 
Belliss 160 KW., 220 volts. 


A.C, MOTORS, New, Four 10 HP., One 5 HP. 500 
volts ; One 85 HP. 600 volta. Three phase, 50 periods. 


JENNINGS, 4576 
West Walls, Newcastie-on-Tyne. 


986 50 periods, 2200 volts, 384 r.p.m. 





asgow Railway _ 
Eager Company, 

London Office—12, 1, Witt tet, aw. 

RAILWAY CARRIAGE WAGON | AND TRAMWAY 


also 
4406 





Finances — 
Foreign 








-. 





CAPITAL (Fully Paid) ats 
SURPLUS & UNDIVIDED PROFITS a ge: 
Qapeiion, Bank receives 


tara, and rania ti 


makes Collections on 


Mechanics and 
National Bank 


OF THE CITY OF NEW YORK, 


EsTaRlisHED 1810. 


ENCE INVITED. 
iN DEP. 
and 


oe eee 


Lompox Bankers. 
LONDON JOINT STOCK BANK, Le. 
LONDON CITY & MIDLAND BANK, Lap, 


+ $6,000,000 


ayy eS 


nd conservative banking 


and Sells 
Buys now 


4778 


arrow Patent 


5 ees 


Messrs, YARROW 00., UNDERTAKE 
PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the Steam Drums, Water 
Pocketa, and Superheaters for British and Foreign 
Firms not ing the necessary facilities. 

YARKOW & ©O., Lrp., Scorsroun, GLASGOW, 


-) ohn Bellamy, Lie’ 


MILLWALL, LONDON, E. 
GaneraL OonsrructionaL ENGINEERS, 


Boilers, Tanks & Mooring Buoys 
Sriuuis, Perro. Tanks, Am-Rxomtvans, STERt 
Curmesys, Riverep Srtam anp VENTILATING Press, 
_Horrses, Sreciau Work, REPAIRS OF ALL Fon Sig 
RAILWAY CARRIAGES, ELEOTKIO OAR 


H=: Nelson & (io. LH 


Tux Giascow Rouuine Srock aND PLaNtT oe 


_ Morusrwewn, 
(Sochran MULTITUBULA AND 
Bee page 74. 


oilers. 
49e5 
the 








ROSS-TUBE TYPES 


Briers 


arine Type Compound 
ENGINES FOR SALE. Pair of Inverted 


doit For 20 in. Peale Ba 36 in. y 35 in, ; 300 iy, BUGARD 


5020 





lo.—For 
.» Lr., Bridge Street West, 


Wilkinson & ect 


G * KEIGULEY, are OPEN to UNDERTAKE 
Wheel GEAR CUTTING, bin. to 014 in. ana 
to 4ft. diam, Enquiries 

Keighley. Telegrams: Wilkineons, Engineers. _ 


Repti Work Wanted, for 


and other , eee, arias eo 
shaping’ and and pains, Machin yr gay 


He, Wrightson & Co. 


LIMITED. 








AWARDED 


See Advertisement page 27, Dec, 24. 
GOLD MEDAL—Ixvenrions 
uckham’s Patent ent Suspended 


nena MACHINES. 


ROA a ae WORKS COMPANY, Limrrazp, 
one “Geen ane Cranes, Grain 
See Ilius, Advt. last week, page 17, 


Rubber 


Valves and Packings 








4812 
MANUFACTURERS 





GUTTA PERCHA & RUBBER, LIMITED, 


Toronto _ Oanada. 4520 





CHANTIERS & ATELIERS 


Aveustin 7 ‘Normand 


67, ru de Perrey-LE HAVRE 
(France). 


cate, Yachts and 
woman aren cine Se ake 
or 
Heating. -Diesel Oil Engines. 





(entrifugals. 


Pt ((aseele & Williamson, 


MOTHERWELL, SQOTLAND. 


$781 
Bee hal-page Advertioeoent pags 8: Dee. Sh. 


B. * 8, ee td., 
‘D2, 


Bisiten,. 1D Sain 
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ENGINEERING. 


[ JAN. 14, 1916. 








rPihe Manchester Steam Users’ 
ASSOC! 





Boilers inspected 
[pt C.E., Inst. Mech. E, 
all Engineer 


moar’ by tical engineers. 1.0.E. successes 5 204 
out of 202. 'wo Bayliss Prizes, ‘‘ Proxime Accessit.” 
Special features for f candidates. Write for 
booklet, &c.— Address, Offices of ENGINESRING. 


STRUOTURAL ENGINEERING. 


Ro Particulars of Course of 


INSTRUCTION CORRESPONDENCE, 
“THE W TER ENGINEERING 


write to 
a ,”" 23, Old Mak Road, Acton Park, — 


yo YouWantHelpand Advice Homerton, N.E 


our study of Engineering subjects? THE 

THOROU H CLASSES t. E.1), 80, Shak 
Crescent, Manor Park, ion, E., PROVIDE expert 
ostal TUITION in all branches. Write to the 
Sajna ate deamon ert 








TENDERS. 





VIOTORIAN STATE RAILWAYS. 

THE AGENT. GENERAL FOR VICTORIA, 

USTRALIA, invites 

enders for the Supply |. 

and DELIVERY, at the Port 
Melbourne, fully incl usive of iF; 

Oustoms Duties, &., "ot the following :— 

Cortracr No. 26,111.—FU8E DISTRIBUTION 
BOXES and FUSES. 


Specifications, Conditions of Contract, and Forms _ 


of Tender, may be obtained by 


HAOKNEY UNION. 
ENGINEER-IN-CHARGE. 
The Guardians 
Require an Engineer for) 
ir Workhouse, In and Childrens’ 





neral Repairs, and gen generally 
le for the working of his Department 
oabject tet to the Master of the Workhouse), and the 
satisfactory condition of all Engineering 
Work in the Establishments. Salary £3 per week. 
together with house free of rates and tax and 
supplied with gas, coals and water (overalls will be 
provided for the use of the Engineer, but the same 
will 4" the rag oly ch of the Guardians),—A 
tion Fi btained of the CLERK THE 
GUARDIA} ANS, Hackney Union, 2, Sidney Fond, 








orks Superintendent. — 
WANTED, a ly experienced MAN, 
for works, locket. foundry, machine and boiler 
shops, employing men, making rye pod of high- 
class machinery. To take full charge of 
under a geecral, manager. Good 
experience essen’ 
venioeiare, D370, Offices of ENGINBERING, 


ngineer, Thoroughly 

enced in the desi highest class 
oa work inchading he any eK aorh mery 
‘ of EneInrERine. 


Eingineer Wanted, as Works 
Manager, = establish: t ing 400-500 
know ment employing 40 and 

labeeh- saving ee essen — Address, stating age, 
nce, and salary required to 2324, Ss.u’s 
vertising Offices, Fleet Street, London. D333 


Large 
with tull 





— 








on application at the Offices of the Consulting 
Engineers, Jouxn Coates & Oompany, Ltd., 115, 
Victoria Street, London, 8.W. 

Tenders, accompanied by the preliminary deposit | man 
named in the Conditions of Tendering, must be 
delivered to the Agent-General for Victoria, Melbourne 
Place, Strand, W.C., not later than Eleven a.m. on 

Wedn y, 2nd February, 1916, marked ‘‘ Tender for 
Fuse Distribution Boxes and Fuses—Contrac tract 26,111,” 

The Government of Victoria does not bind itself to 
accept the lowest or any Tender. D 366 

PET: McBRID 
Agent-Gen for Victoria. 
EAST INDIAN RAILWAY. 


The East Indian Railway © ae Senay is prepared to 


F[\enders for the Supply and 


DELIVERY of :— 
® FILES, 
(2) TICKETS, 
(3) BOOKBINDING MATERIALS, &c., 
(4) PAPER, STATIONARY, &c., 
as per Specification to be seen at the Company’s 


Tenders are to be sent to the undersigned, marked 
“Tender for Files,” or as the case may be, not later 
than Eleven o'clock a.m., for Nos. 1 and 2, on 
Wednesday, the 26th - of Januar’ gee la ane 
for Nos 3 and 4 on Wednesday, 

February, proximo. 

The Company reserves to itself the right to divide 
the order, alsoto decline any Tender without assigning 
a reason, and does not bind itself to accept the lowest 
er any Tender. 

Fees, which cannot under any circumstances be 
returned, are charged for the Specifications as —— 
viz, for Nos. 1, 3 and 4, £1 1s., and for No, 2, 10s. 6d 


By Order, 
y. YOUNG, 
Nicholas Lane, London, E.C. 


13th January, 1916. D 374 








APPOINTMENTS OPEN. 


GQecretary Wanted, by 1 Re 


Olyde Shipbuilding & Engineer 

Limited, Port Glasgow; must 

with io business, and fully yaa 
e 





alot the 
proper perso 

confidence) to A 

est George Street, Glasgegp 


arp OO 


W ented, Immediately, al? 


practical WORKS MANAGER, by firm 

engaged on War contracts for gas plants, furnaces, 

constructional steel work. dix o'clock man 
required. 200 men employed. Salary about £250 per 
annum. Must have held similar tion, and be 
familiar with the control of men, setting out of work, 
arranging for outside erection, 
eosts. Give details of organisation 
rience, salary required, and when at li 
to The DOWSON & MASON GAS PLA NT 
Levenshulme, Manchester. 

OOUNTY BOROUGH OF Wést HAM. 


PLAISTOW FEVER HOSPITAL, 
The Council of the Cour County Borough invite 


APRicirass for the Post of 


— at their Fever Hospital, Samson 


“Applicant mn must not be of military age. 
2150 per annum. 

 sepeinted will be required to devote 

will have obangs ot ot all boilers sige ~ and 

fitti &c., and must keep in repair and good 


ng order ee motor vehicles used for the 





Epgineer Wanted, at Once, 


with or without — to ln an established 

ng Must be experienced and 
capable of controlling automatic Bg on repetition 
work.—Write fully, to ENGINEER, care of E. T. 
Brown, Lichfield Street, Wolverhampton, D 362 


p™ ughtsroan, matte 
cn mabaee Mechanica).—If wi 
Acton, “nt not Government 


salary, experience, and copies of reference, to D 54 | pres 





raughtsmen, Experienced, 
Coast District. those be ring egpeience tn marine 
or turbine work 


ork preferred, No person 
ed 
= Apply, nearest me b LABOUR EXCHANGE, ral ues 


Bam oped y - 


1 Spammer Engineer, 2 4 oars’ 


ENGAG TENT, home or abrosd, endo 
present position on ad nd of Ma eng 

ate reasons, diy vy Offices 
ry —_— 





elgian Civil Engineer (82), 
De eisscrae ore, 


cases, fuses, shells, d&c., 





Drasgheomen (Improvers), 

TED, in London dra’ Office of a 
ment in connection with war services. 

Salary at So ene 

Candidates for mili ns roe service or employed | con 

on Government ck eh not be considered. 

State age, ex . and enclose 


to BOX No, 483, care 
Serle Street, London, W.C. 


Veco Immediately, for |x: 


per yen work, . a 
to getting ou! 
ant tell up in 

on Govern- 


aoe giving full experi- 


of recent 
Srezer’s, 8, 
D 369 





required, to your 
LABOUR EXCHANGE, meena this 
paper and No. A 1306. D 275 


RRatefixers and Mstimators 
see a a 
caebiaiten, &c., to nearest LABOUR JREXCHANGE, 
mentioning this paper and No. A 1298 D 268 


Noreman, xperienced in 
Small Shop. +; Motors, Government work.— 
If . oe aes Acton, ioe on rae 
e ce, a o 
reference, to D331, Offices of Ex —_ 
Kk j‘oreman, with Special Expe- 
-- rience in loam, for London ironfou engaged 


on Government work ; must be thi ly expe- 
rienced. No one already on Government work need 

















rary Assistant Engineer 
a ED, Nee epee oe the Port of London 


Authority. icants must the examina- 
tion for eontbote Membership of the Institution of 


‘ pay Engineers, and had experience in railway, dock 


nd harbour works, or with public worke contractors. 
Frelerenee will be given to A ineligible for military 


serv’ 

Applications be the prescribed Form. 
obtainable at the “Office of” the CHIEF ENGINEER, 
109, Leadenhall Street, London, E.C., ae must be 
delivered at that Office, accompanied b: ies of not 
more three recent testimonials, pos r than 
Ten a.m. on Tuesday, 18th January, 1916. D273 


(Civil En gineering Assistants 
and saan HTSMEN REQUIRED in drawing | ti 
office of Government Department (London), in con- 
nection with war services. Those accustomed to 
steel construction work and calculations preferred. 
Salary at = a of £100 to £150 per annum 
accordi fica: 


ma cligible for ree ores pe or oa lees 

on Government work will not he consi: 
State age, a and semen ae of recent 
to BOX No. 482, care of Strkusr’s, 8, 
Serle Street, London, W.C. D 368 


(Technical Chemistor Chemical 
ENGINEER REQUIRED. Must have had expe- 
rience in the uction of alumina from bauxite.— 


Address, giving full particulars, D356, Offices of 
ENGINReRING. 











ngineer - Draughtsman 
REQUIRES POSITION, experienced marine, 
Sen and steam, and auxiliaries and aero engines ; 
yo able to commence at once. — Address, 
» Offices of ExoinxeRine. 

24| FPechnical Assistant eg hg 

a Firm of Chartered Patent its in 
Lenten” Preference given to one who has 

the soivns examination. — 

ual; ns, experience. and required, to 
2345, SELL’s Advertising Offices, Fieet Bt, B.C. D350 


anted, tor (Government 
work, in Derby, CHIEF TOOL DRAUGHTSMAN, 
experienced in milli 4 oe jigs, and 
tool work. It is essen pplicante shoul have 
had experience in he wow nora of onal on accurate 
parts. Apply. stating age, experience, salary ex- 
reference, to the nearest BOARD OF 
“LABOUR EXCHANGE, mentioning oon 


paper and No. A 370. 
(Senior aa 


[)raughtsmen 


Junior), for urgent Government aeronautical 
work. Must have had several years shop and 
drawing - office ex also some technical 
training. Men ferred. 
Good salary and prospects for. No 
man on Government work need —Write or 
ort oe your nearest BOARD OF TRADE LABOUR 

HANGE, mentioning this paper and No. A __. 


Sa Several Bealor 
and Junior, REQUIRED immediately, for 


and works in 
the the Madionge, Sontttefessutaneent on anos | Sey Bi 














work, State 


=, stating age, see, | add 





appl no ys stating age, and salary 
i: to your nearest tabouR’'i EXCHANGE, 


mentioning this paper, and No, A 1314. 


Proremen and Assistant sree 


MEN, for fitting and machine of engineering 
works in Midlands, en on munitions work and 
Government contro Must be capable of taking 
charge of works lant, which includes hydraulic, 
pneumatic, and electric installations. State age, 
experience, and salary —— No one on Govern- 
ment work will be en; Apply to youre nearest 
oe ig EXOHANG mentioning thie paper and 


Proremen and Assistant Fore- 


MEN am gg cod for tank, boiler and con- 
structional f large controled establishment 
in the Midlands. ‘Btate age, experience and salary 

ye No one Fm ho on Government work 
ly to your nearest LABOUR 
EXOHANG pee P ns ing this paper and D 372. 


nition Factory Requires 


poe open and TOOL MA pr | also INSTRU- 
MENT MAK and TURNERS, wi lling to learn to 
Operate yo Set-up Cleveland, Gridley, and Brown 
and Sharpe automatic ines. No person already 
Apply on Government work will be considered.— 

y, in first case, to the nearest LABOUR 
CHANGE, mentioning this Journal and O 870. 


Piagineering Pupil.— Vacancy 
oon _— bo apr geese # ee? —_ 
t t yy 

aps . ah ly counlan, a ieee ee, 
Offices of ENGINEERING. 








oO 
SE § SITU ATION as'Forema, Estimator or Tool 
8, D 375, Offices of Encrxezrine. 


Enngineer (32), A.M.1. MECH, E., 
mutetive, chief lngpecten, or teed dees 
ve, le 
Enperienc es ~ nepector, or em 
men. Salary £: £250-£5u0. Near Landon 
coeatek baie D 285, Offices of Exemuneine. 


Jingineer, Mechanical (33), 

both technical can commercial, DESIRES | ITION 
manager or other ponsi 

introduce new ely Fm D sol: 


Offices of ENGINBERING 
with shops, 


| Dy some (4), commercial experience in 


and U SA, W WILL be OPEN abont A for 
ENGAGEMENT in Great Britain, Continental 
or British Colony. Experienced in marine and eral 
mechanical engineering, manufacturing, j and 
repairs ; some experience in structural Steel. Former 
positions 8 > leading ot en on marine engineer, 
‘aeeeen ak works, 
1500 men ; ‘manager, genera works, 100 
men.— Address, ENG: a, care owe (Ht SPAULDING, 
982-934. Folsom Street, San , U.S.A. DBI8 


[2 ghtsman ( Constructional 
Steelwork) DESIRES POST. Preferably Govern- 
— work. Eight years’ drawing-office Ey 


under the system. — 347, 
atime: ene 


Mechanic (Singlishman) (27), 
now in U.8.A., familiar with manufacture of 
shrapnel and H.-E. shells, several years’ American 
shop practice, DESIRES ible POSITION as 
viewer or inspector in a Bri munitions factory. 
References.—Address, D 328, Offices of ENGINEERING. 


ollege Graduate Desires a 
POSITION with a firm of (London) structural 


engineers. ae salary.—Address, D 352, Offices of 
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and marine. Salary £250 per annum.—Addrees 
D 348, Offices of EXGINEERING. 
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Every Engineer 
desiring a 
Partner 


ora 


Partnership 
should write fully to 
WHEATLEY KIRK, PRICE & CO., 
46, ——s Street, LONDON, E.C., 
bert Square, Manchester, or 
26, Collinewnnd Street, Neweastle-on-Tvne. 


entleman, A.M.1. Mech. E., 


experienced in found shops, druulog, 

, &c., with capital, ESIBOUS ENTERING 
into ed wg certs FIRM, either as partner 
or with view to nership. Principals only.-— 
Apply, SOLICITORS, 40, Old Broad Street, E.C.. D340 
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M I. Mech. E. (aged 42), 
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to MALOUS, care of S. GcMazE.t, ae. 
Stockholm, Sweden. 
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STABLE BIPLANE ARRANGEMENTS.* 


By Jerome C. Hunsaxer, 8.M., Member of the Ameri- 
can Society of NavalArchitects and Marine Engineers; 
Assistant Naval Constructor, United States Navy. 

(Concluded from page 3.) 
5. Lift and Drift ; Units ; Density; Velocity ; Pre- 
cision.—In Figs. 12 and 13, subjoined, are plotted 
the lift coefficients for the various models. e lift 


coefficient is defined to be K, = ye where L is 
the observed lift in pounds; A, area of model in 


square feet; and V, wind velocity in miles per 
hour. Similarly, the drift coefficients are plotted in 


Figs. 14 and 15, where K, = _D in the same 


measurements are found to agree within the prob- 
able experimental errors. To determine the extent 
of losses due to biplane interference, an orth 

biplane was next tested. It was made up of two 
wings identical with the above, chords parallel, 
and spaced with a gap between them equal to 
~ — This biplane is designated as Biplane 

o. 1. 

The resultant forces for the biplane are shown in 
Fig. 2, on page 2 ante, and centre of ure 
in Fig. 10. It appears from the latter that the 
centre-of-pressure motion, and hence the degree of 
longitudinal instability, is practically the same for 
the two cases. is is of interest in that it demon- 
— the correctness of an assumption commonly 

8. 
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units as above. These coefficients vary as the | 
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density of the air, and are referred to air of 
density 0.07608 lb. per cub. ft. 

The ratio of lift to drift is a measure of the 
effectiveness of awing. This quotient is sometimes 
called ‘‘ efficiency.” Curves are given for com- 
parison in Figs. 16 and 17, on page 26. The wind 
speed was kept at 30 miles per hour for all tests. 

Individual measurements of force, moment, angle, 
wind velocity, &c., are believed from previous cali- 
bration tests to be precise within 1 per cent. Calcu- 
lated coefficients, vector co-ordinates, centres of 
pressure, &c., in which all measurements have been 
combined, should be precise within 3 per cent. 

6. Biplane Interference Losses. Monoplane versus 
Biplane No. 1. A single wing, 18-in. span by 3-in. 
chord, with square wing-tips, was first tested for 
comparison with results obtained at the National 
Physical Laboratory, England, for a similar model 
made tothe same wing section, RAF 6.+ The 


* An account of a research conducted at the wind 
tunnel of the Massachusetts Institute of Technology. 

+ Technical of the Advisory Committee for 
Aeronautics, 1912-13, page 90. 
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The lift curves of Fig. 12 show a pronounced loss 
in lift from the monoplane to the biplane (No. 1). 
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The loss in maximum lift is about 10 per cent. 
The burble-point comes at 14 deg. for both, and 
the curves are of the same general character. The 
drift curves of Fig. 14 are not greatly different, the 
biplane drift being somewhat lees at small angles. 
The biplane and monoplane are best compared on 
a basis of equal lift rather than on angle of inci- 
dence of chord to wind. 

The general summary sheet, Fig. 18, on page 26, 
gives lift-drift ratio plotted on lift coefficient as 
abscisess. Curves for the monoplane and biplane 
No. 1 show a slight difference for values of lift 
coefficient below 0.0007, indicating that for high 
——_ the biplane is better than the monoplane. 

owever, at all other values corresponding to high 
lift coefficient and low —— speed in practice, 
the biplane is considerably less effective. 

Lift-drift ratio for the biplane is given in the 
annexed Table I. as a per cent. of the corresponding 


K, is constant for mono and biplane, and a 
percentage decrease in lift-drift in the same 
percentage increa in K, or drift, and vice versd. 
Taste 1.—Lift-Drift Ratio for Biplane given as Percen- 
tage of Lift-Drift Ratio of Monoplane.  _- 


Ky Ky 


0.0004 
0.0006 
0.0008 
0.0012 
0.0016 
0.0020 
0.0024 


107 
99 


85 
85 
75 
73 

This table shows clearly the advantage of the 
biplane arrangement for a high-speed scout, such 
as the British ‘‘Tabloids.” At a high aeroplane 
speed, and hence a low lift coefficient, the biplane 
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| resistance is 10 per] cent. less than the monoplane 
resistance. This is an appreciable saving. For a 
| machine which must fly slow, and consequently with 
| @ high lift coefficient, the biplane resistance is from 
15 to 25 per cent. greater than the monoplane 
mT Stags Uent. Biplane No. 2.—Bipla 

. Stagger, 50 Jent. Biplane No. 2.—Biplane 
coun No’? is the same as the orthogonal 
biplane No. 1, except that the upper wing is 
placed ahead of the lower by an amount equal to 
50 per cent. of the chord. This is defined to be 
a ‘ ” forward of 50 per cent. 

i 2 ante, shows that the resultant 


deg. to 104 deg. intersect near a 
single point. this tf the centre of gravity 





lift-drift ratio for the monoplane. For any point 


of an aeroplane, there will be no pitchiig moment 
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throughout this range of angle. The machine will 
be neutral as regards its equilibrium. For the 
extreme range of flying angles from 14 deg. to 
203 deg. the equilibrium is stable. 

A pilot who flew such a machine undoubtedly 
wotld pronounce it stable, since he would be un- 
likely to risk a steep dive, bringing the incidence 
into negativeangles. However, this wing arrange- 
ment, though excellent in other respects, is un- 
stable for the range of angles + 4 deg. to —4} deg. 
A sudden dive tends to become steeper, or, as the 
French put it, to become engagé. It might be 
possible to prevent this in a design by use of a 
small tail surface. 

The centre-of-pressure curve of Fig. 10 is more 
nearly flat than the orthogonal biplane No. 1, as 


would be expected. The lift curve of Fig. 12 shows 
a later burble-point and a maximum lift 6 per cent. 
higher than for the No.1. The drift and lift-drift 


curves are not much different from No. 1. 
8. Decalage 1 Deg. Biplane No. 3.—The test 
was repeated with the same arrangement, except 


that the upper wing was tilted up so that ite 
chord made an angle of 1 deg. with the chord | 


of the lower wing. This is a divergence or plus 
** decalage” of 1 deg. This new arrangement, 
No., 3, is shown by Fig. 4, on page 2 ante, 
to have improved the stability of No. 2. The 
force vectors for angles from 0 deg. to 10 deg. 
intersect near a point. If the centre of gravity be 
at this point, the equilibrium is neutral from 0 deg. 
to 10 deg., stable from 10 deg. to 18 deg., and un- 
stable from 0 deg. to —5 deg. However, if the 


—5 deg.» the equilibrium is stable longitudinally 
throughout the entire range of pitching angles, 
—5 deg. to +20 deg. 

Fig. 10 shows that, whereas the centre-of-pres- 
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No. 5.—In case it be desired to build a very stable 
machine for amateurs or for training beginners in 
aviation, the decalage may be increased to 4 deg.— 
biplane No. 5. The force vectors of Fig. 6, page 2 
ante, show complete stability for any centre of- 
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sure curve turns to the rear for small negative | gravity location. Likewise, the centre-of-pressure 


centre of oe be placed low, at about the inter- 
section of the vector for 4 deg. and the lower 
chord, the equilibrium is stable for all the range 
from -2 deg. to + 18deg. The unstable region 
is for angles well below me deg. 

e eager od or ng curve, Fig. 10, is flat for 
all angles above 0 deg. The maximum lift is about 
3 per cent. greater than for biplane No.1. The 
lift curve in the neighbourhood of the burble-point 
is also somewhat more flat. The maximum lift- 
drift ratio is about the same as for biplane No. 1. 

9. Decalage, a“ ddy. ; Stagger, 50 per Oent.— 
Biplane No. 4.—The effect of decalage on longi- 
tudinal stability was any vee further by giving 
the previous arrangement a decalage of 24 deg. 

The result appears to be a happy one. The 
vectors of Fig. 5, on page 2 ante, show that for 
a centre of gravity located anywhere in the lower 
triangle, bounded by the vectors for —2 deg. and 


angles on the monoplane, biplane No. 1, biplane | curve of Fig. 10 shows a stable motion. 


No. 2, and biplane No. 3, the contrary holds for 
the present arrangement. Thus for negative 
angles below - 3 deg., the centre of pressure 
curve turns forward. 

The degree of stability given by biplane No. 4 is 
greater the lower the centre of gravity, on account 
of the diverging nature of the resultant force 
vectors. Compared with biplane No. 1, there is a 
gain of 3 per cent. in maximum lift, with a loss 
of 5 per cent. in maximum lift-drift ratio. At the 
small values of lift coefficient corresponding to 
high aeroplane speeds, biplanes Nos. 1 and 4 give 
the same resistance (see Fig. 18, above). 

In conclusion, then, biplane No. 4 is completely 
stable, and at the same time practically equivalent 
to orthogonal biplane No. 1. 





10. Decalage, 4 deg.; Stagger, 50 per Cent. Biplane 





This degree of stability is considered to be ex- 
cessive, but the circumstances which would justify 
its use probably would not concern great speed or 
minimum wing area. The maximum lift is not 
different from that of the other biplanes. The 
maximum lift-drift ratio is 13 per cent. less than 
for biplane No. 1. The lift curve near the burble- 
point is not s , and hence this very stable 
arrangement could not easily be stalled by an 
inexperienced pilot. For a school machine this 
is especially important. A uliar point (of 
theoretical interest only) is that the lift curve 
(Fig. 13) has two burble-points, probably due to 
the fact that the decalage of the upper wing brings 
that wing up to its angle of maximum lift before 
the lift of the lower wing reaches its maximum. - 

11. Lower Chord, 83 per Cent. of Upper. Bi- 
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plane 1a.—It has been shown by M. Eiffel* that 
the loss of lift of an orthogonal biplane is due in 
large part to the lower wing. The eddy formed 
on top of the lower wing is interfered with by the 
upper wing. The result is that the lower wing 
lifts much less than the upper. It would seem 
logical then to expect that if we cut down the area 
of the lower wing we should reduce this loss. 

A model was constructed having a lower wing 
chord 83 per cent. of the upper wing chord. As 
an orthogonal biplane, represented as biplane 
No. la in Fig. 7, on page 2 ante, the resultant 
force vectors indicate longitudinal instability of the 
same nature as that of biplane No. 1. The centre- 
of-pressure curve, as given in Fig. 10, is of the 
same general character as that for biplane No. 1. 

The maximum lift, Fig. 13, is 4 per cent. higher, 
the maximum lift drift, Fig. 17, about 44 4 cent. 
higher than for biplane No.1. For hig — 
when a low lift coefficient is used, biplanes No. 1 
and No. 1a are equivalent. For low — or 
high angles of incidence, implying a high lift co- 
efficient, the drift of No. 1a is more than 8 per cent. 
less than for No. 1 (see Fig. 18). 





monoplane R A F 6 was applied as a mtage to 
the published results on the modified R A F 6. 

It appears that for the reversed-curve wings 
the maximum lift is 17 per cent. less, and the 
maximum lift-drift ratio 14 per cent. less, than 
for our biplane No.1. Thisisa serious price to pay 
for stability. However, for very low values of lift 
coefficient the reversed-curve biplane offers over 
20 per cent. less resistance. For a racing machine, 
when a high landing speed may be tolerated, this 
type of wing might be employed with advautage. 
For general purposes, the ~ of maximum lift is 


too serious to be outweighed by its low drift at 


eat >. 
a8. ‘onclusions.—The relative merits of the 
various wing combinations are brought out in the 
subjoined Table II. Coefficients are there expressed 
in terms of the coefficients for the orthogonal 
biplane (No. 1) taken as unity. It is to be noted 
that the stability of biplane No. 4 is gained at the 
expense of but 4 per cent. of maximum lift-drift 
ratio, while a gain is obtained in all other pro- 

rties. 

Biplane No. 3a is stable, and likewise loses but 


Tasie IIl.—Curer Particutars or Mopets Testep. 











| | | | 
; | Reverse 
. Mono- |Biplane Biplane Blplane Biplane | Biplane Biplane| Biplane) Biplane) 
Designation. plane. No. L | No. 2. 0. 3. | 0. 4. | No. 5. No. 14, | No. 2a. | No. 3a. Wings. 
— —— | | | 
Gap | = c o | 6 . | «6 o.i:s Tk 
S r os _ 0 | 0.500 0.50C | 0.500 | 0.500 0 | 0.500 | 0.50C 0 
Upper chord on Cc Cc Co oO oO | Co es. | So if: @ 
Lower chord - Cc > |... ze. wee. 0.83 C | 0.880 | 0.830 0 
oe a ee deg. - 0.0 0.0 10. | 25 4.0 0.0 0.0 21 0.0 
Max. e i... Ske. “aw | a ee 1.00 | 1.06 | 0.95, | 095 | 087 1.04 1.06 | 0.96 | 0.86 
. x — 
Max. ky | ea L116 | 100 | 106 103 | 103 | 108 104 LOS | 103 | 0.88 
~ whereky = 0.0005 .. .. .. ... 0.00 | 1.00 | 1.00 1.00 1.00 090 ©0009 1.03 | 0.96 1.21 
=z | | 
~ where ky = 0.0018 .. oe os oo} 28 .00 1.02 | 1.01 1.02 | 0.99 1,05 1.08 1.05 0.88 
“ } | 
Range of flat burble-point in degrees - 2 2 2 6 4 4 e |. ao oe 2 
Remarks .. és oe ee oe oe U U U N 8 8 U U | 8 8 


8 = stable. N = neutral. U = unstable. C = chord length (upper.) 


12. Lower Chord, 83 per Cent.; Stagger, 50 per 
Cent. Biplane 2a.—The test was repeated with 
the same model having the upper wing staggered 
forward by 50 
marked change in the properties of the biplane 
No. 1a are to be noted, except a very pronounced 
flattening of the lift curve near the burble- 
point (see Fig. 13). This is a considerable advan- 
tage. The flat range’is from 12 deg. to 24 deg. 
A machine with such -wings would not easily stall 
if the pilot were thrown . to an angle greater 
than the angle of maximum lift. 

13. Lower Chord, 83 per Cent.; Stagger, 50 per 
Cent. Decalage, 2.1 deg. Biplane 3a.—Reference 
to Fig. 9, on page 3 ante, shows that the 
force vectors for this biplane give longitudinal 
stability for any centre of gravity located within 
the lower triangle formed by the vectors for 
— 2 deg. and —5 deg. This will be the case 
for a heavy sea-plane. A high centre of gravity 
will show instability for negative angles of inci- 


-dence. The centre-of-pressure curve (Fig. 11) 


is a as was pointed out above, since 
it is given by intersections with a plane mid- 
way between the wings. 
must be lower than this to give stability. e lift 
curve of Fig. 13 shows a maximum lift equal to 
that of biplanes Nos. 1a and 2a, and a burble- 
os even more flat than biplane No. 2a. The flat 


t curve near the aa oy is the principal | P 


merit of biplane No. 3a. The maximum lift of 
No. 3 is about the same as that of No. 3, a similar 
arrangement with equal wing chords top and 
bottom. For low values of lift coefficient No. 3 
is not quite so good as No. 3; for high values of 
lift coefficient No. 3a is slightly superior. 

The biplane No. 34 appears to unite a fair degree 
of longitudinal stability with a very flat burble- 
point. The other properties of the wing are not 
greatly altered. 

14. Reverse Curvature.—A wing whose section 
shows a reverse curve near the trailing edge is well 
known to be longitudinally stable. Tests at the 
National Physical Laboratory, England, give the 
properties of the RAF 6 so modified in com- 
parison with the original section. These test 
results apply only to a monoplane. The biplane 
effect found by us from tests on biplane No. 1 and 





* “Nouvelles Experiences sur la Resistance de ’ Air.” 
G. Eiffel. Dunod et Pinat; Paris, 1914. 


r cent. of its own chord. No’ 


The centre of gravity | P 
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4 per cent. on maximum lift-drift ratio. This 
arrangement, moreover, has a lift curve which 
remains at its maximum over a range of 12 deg. 

If longitudinal stability be assured by a tail, 
biplane No. 24 is the most effective arrangement. 
It is superior by from 4 to 8 per cent. in all aero- 
dynamic properties to biplane No. 1. Further- 
more, it has a lift curve which remains flat for a 
range of 12 deg. over the burble-point, while this 
range is but 2 deg. for biplane No. 1. 

It is believed that the present investigation 
should permit a designer by interpolation to torm 
an estimate of the characteristics of other combina- 
tions than those here tested, at least with sufficient 
precision to satisfy him that no fantastic results 
are to be expected, and that, as in all engineering 
work, his problem is a compromise. Excellence in 
one characteristic is likely to involve some sacrifice 
in others. 








PURE ELECTROLYTIC TRON AND 
BORON. 

Tue suggestion of electrolytic iron for technical 
urposes crops up again from time to time, and it 
is not so hopeless as it may appear. Electrolytic 
iron may well be made in quantities to justify ite 
use for armature cores, transformer sheets, &c. The 
pure electrolytic iron which Tryge D. Yensen 
repared in the engineering experiment station of 
the University of Illinois, in 1914, proved magne- 
tically superior to al] other iron Dat it had, of 
course, a very low electric resistance, and it still 
contained a little oxygen—about 0.3 per cent., pos- 
sibly as iron oxide—in addition to at least 0.006 per 
cent. of carbon and 0.1 per cent. of silicon. To 
investigate the properties of this iron, it was melted 
in magnesia crucibles, holding about 500 grammes 
(1 1b.) of the iron, in an Arsem vacuum furnace, 
the pressure in the furnace being reduced to 2 mm. 
or 5 mm. of mercury ; a further evacuation is being 
tried with continued experiments. The molten iron 
was then forged into 4-in. rods, from which other 
test-pieces were prepared. The cooling curves of 
this iron were between 900 deg. and 200 deg. Cent., 
straight lines; the cooling was accomplished in 
24 or 48 hours. The permeability was 19,000-at a 
flux density of 9500 gauss, and the average hysteresis 
loss was less than half that of the best transformer 
iron ; the specific electric resistance was 9.96 
microhms, but could be raised by the addition of 





aluminium or silicon. When melted in an atmos- 
phere of carbon monoxide under atmospheric pres- 
sure, this iron absorbed both carbon and oxygen, 
and thus became magnetically inferior. When 
fused with carbon, the resulting iron was found to 
contain less carbon than had m added; and, 
indeed, iron containing as much as 0.5 per cent. of 
carbon, when melted in vacuo, would lose from 50 
to 90 per cent. of this carbon, evidently because the 
oxygen in the iron combined with the carbon. 

t occurred to Yensen to remove the oxygen con- 
tained in the electrolytic iron by some agent which 
would not, like carbon, deteriorate the iron mag- 
netically. In these experiments boron, having a 
very beneficial effect on copper castings when used 
as a deoxidiser, was tried as a reducing agent. The 
results of the researches just noticed, and of the 
experiments with boron, are described in Bulletins 
Nos. 74 and 77 of the University of Lilinois. 
Although boron is chemically and physically a very 
interesting and uliar element, the boron alloys 
have not received the attention which they seem to 
deserve, considering the similarity of boron to 
carbon and silicon. e latest research in this field, 
published by G. Hannesen in the Zeitschrift fiir 
Anorganische Ohemie in November, 1914, started 
from ferro-boron of Goldschmidt and Krupp iron. 
At Urbana, Illinois, boron was used by Yensen in 
the form of the boron suboxide of Weintraub, which 
is essentially B,O, and of the boron suboxide flux, 
also prepared by Weintraub, which contains about 
8 per cent. of B,O and, further, magnesium borate 
and boric anhydride. The boron suboxide was 
added to the iron (which was. melted in vacuo) in 
very small increments of 0.01 per cent., since it 
was soon noticed that the effect on the iron of 
very small proportions of boron was totally different 
from that of appreciable amounts of boron. 

As regards the chemical reactions, boron was found 
to behave somewhat like carbon, but not quite like 
it. Even small proportions of boron had a double 
effect, of the boron combining with the oxygen 
in the iron, and part alloying with the iron, whilst 
carbon did not alloy with the iron until the de- 
oxidation of the iron oxide was practically com- 
plete. A complete reduction of all the iron oxide 
in the iron could not be obtained with the aid of 
boron, and the effects of the boron which was taken 
up by the iron were beneficial only for very small 
percen of boron. As long as the percentage 
of boron suboxide did not exceed 0.05, the mag- 
netic properties were slightly improved ; but when 
the contents of B,O exceeded 0.1 per cent., the 
effect was detrimental. Thus the curves of reten- 
tivity, coercive force, and hysteresis first showed a 
rapid fall to a small minimum, followed at once by 
a steady rise, whilst the permeability curves first 
showed a slight rise, followed by a decided descent 
as the boron percentage was increased. The electric 
resistance curve hardly brought out this difference ; 
the addition of boron seemed to increase the re- 
sistance slightly from the very first, by about 0.62 
microhm per 0.1 per cent. of ‘tone combined with 
iron. ost of the mechanical properties were 
similarly affected ; the ultimate strength and stress 
at yield-point were raised. In the elongation, 
which decreased on the addition of boron, and also 
in the reduction of area, which likewise decreased, 
the difference between the effects of the first very 
small percentage of boron and appreciable por- 
tions was again more marked. Practically one 
may thus say that a very little boron improves iron 
magnetically, whilst appreciable quantities of boron 
deteriorate these properties, and that otherwise 
boron influences iron very much after the manner 
of carbon. If the boron-iron is, as it ‘appears, 
little superior to Swedish charcoal-iron, the - 
netic study of these alloys would not have muc 
practical value. 





Tue Swepisu Srare anp Furtuen Warer-Powrer 
Exp.oiraTion.—It has been stated that the Swedish 
— in romhampintio yd ree of State 
railways, is con ti rcbase Kranzede 
Falls. The capacity of tase tale to calsdiated os 
64,000 horse-power, and after certain regulations have 
been completed, at 155,000 horse-power. 





Tue Lonpon Scuoo, or Economics anp Po.iricaL 
Scrence.—A course of ten lectures on “ Professional 
Organisation” will be a at the London School of 
Clare Markl King WO, by Mrs, Sidney Wook, 

i , W.C., 
Ae and eet H. Hayward, _—~ MA B.8c., 
a m., on ays, 17th inst. 
fee ja the course is 12s. eg = a8 
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ELECTRIFICATION OF THE MANCHESTER 
TO BURY SECTION OF THE LANCASHIRE 
AND YORKSHIRE RAILWAY. 


We have received from Mr. John A. F. inall, 
M. Inst. C.E., General Manager of the Lancas and 
Yorkshire Railway, the following account of the 
electrification of the Manchester to Bury Section of 
that railway :— 


The improvements made from time to time by the 
Lancashire and — poe ge = ie A Mg con- 
veying passengers quickly and comfortably have been 
most marked, and about eighteen months ago the 
directors of the ire Yorkshire Railway Com- 
pany, acting on the advice of Mr. J. A. F. Aspi the 
general manager, determined upon the electrification of 
that important section of the company’s lines extending 
from Tendhanter to Bury, and i h the 
favourite residential suburbs of Heaton Park Prest- 
wich. A map of this district is shown in Fig. 1, on this 


page. 

The Lancashire and Yorkshire Railway Company first 
—— electrical working on the section between Liver- 
pool and South in 1904, and the highly satisfactory 
results obtained have induced the company to apply 
electric traction with complete confidence on. what is 
familiarly known as the Prestwich Branch. ' Experience 
has proved that electrification of suburban railways 


Prestwich, for example, is five minutes nearer to Man- 
chester Town Hall than it has been hitherto. The district 
served by the new electrification scheme, standing as it 
does at an average 7 of aca a Ss sea-level, is 

increasingly ‘or purposes. 
a ase of Heaton Park by the City Corporation, 
and town-planning sc! which are in , have 
greatly encouraged and extended building operations in 
that district. 

The electrification was commenced before the outbreak 
of war, and as the necessity was felt for a rapid and 
efficient train service, and ——s that, at that time, 
a iable progress had been made, and all tenders 
, it was decided that the work should be completed 
at the earliest possible moment. 

e scheme carried out under the general 
direction of Mr. J. A. F. Aspinall, the general manager 
of the railway company, by his chief mechanical engi- 
neer, Mr. ug and his chief civil engineer, 
Mr. D. C. Rattray. All plans and specifications were 
prepered. and contracts for all t placed, by the 
| 0. E. staff at Horwich, in addition to which a pre- 
| ponderance of the detail work, both in connection with 
| the drawings and manufacture of material have been 
carried out at the company’s locomotive works at Hor- 
wich. ‘The civil i portion was dealt with by 
the C. OC. E. department at Hunt’s Bank, Manchester. 
Although the progress has been considerably delayed, due 
to the present crisis, it is anticipated that the line will 








areeverything that could be desired, and there is a ee 
supply of water from the Manchester, Bury and Bolton 
Caeal, which is owned by the railway company. 

The ground level at the power-station is 37 ft. below 
the main line, which at this point is carried on an em- 
bankment, thus enabling coal-wagons to be run directly 
over the tops of the coal-bunkers. This arrangement 
makes use of what is obviously the best coal-conveyor— 
namely, the coal train running between the colliery and 
the power-station, thus obviating the necessity of install- 

coal-conveying appliances. 

or the purpose of handling material between the two 
levels during the constructional iod, and for subse- 
quent use, a 50-ton electric overhead travelling crane, 
manufactured by Messrs. T. Broadbent and Sons, Limited, 
of Huddersfield, has been provided. 

An inspection of the block plan of the power-station 
and its surroundings, Fig. 2, shows the general lay-out of 
the station with to the railway and the canal, 
together with the inlet and outlet connections of the canal 
for the supply of cooling-water. A spray cooling pond 
is also provided to supplement the natural cooling which 
takes place from the canal itself. The slight natural flow 
of water along the canal is in the direction of Manchester, 
and the cooling-water scheme makes use of this feature, 
the artificial cooling being brought into play when 
necessary. 

The power-station structure (Figs. 3 and 4, on our two- 
page plate, and Fig. 5, on page 29) consists of a steel 

















Fig.2. 
CLIFTON JUNCTION 
POWER STATION. 
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encourages the growth of traffic, and has the additional 
advan of increasing the ae of the line and of 
terminal stations. This is the first railway in the Man- 
chester district to be converted to electric traction, and 
the inauguration of such a service marks an improved 
ong in the economic a of the city, and the 
evolution of rapid transit between the city and its 
suburbs. This district being the second portion of the 
company’s system to be electrified, derives the benefit of 
eleven years’ experience gained on the Liverpool and 
Southport line. 

The live-rail direct-current system, as used on the 
Liverpool and Southport line, is still adhered to, but the 
voltage has been raised from 600 to 1200. The railway 
company have been led to adopt this higher voltage due 
to the satisfactory results gained on their electrified line 
between Bury and Holcom i 
is used at 3500 volts, but with overhead construction. 

The growing importance of North Manchester as a 
paul of pani Oke oor obinarauer been Geet 
number o who are 
induces the Peliot that the new undertaking will be as 
conspicuously successful as its forerunner, which now 
affords means of rapid transit for thousands of people 
between their homes on the Southport line and the City 
of Liverpool, where they have the fastest suburban ser- 
vice in the world. 

Great as have been the im 
for reaching the inner subur 
for improved travelling facilities to the outer suburbs had 
not been fully met. The time occupied in travelling is 
often the measure of the distance at which the city 
worker can live away from his 
with the usual methods of transit means that he must live 
within a radius of three miles. the full service of 
electric trains is established on the North Manchester 
— icts virtually nearer than they are to- 

ay. 


vements in recent years 
of Manchester, the need 


place of business, and this | ashes. 











Fic. 2. Key Pian or Power-StatTion. 


be opened for passenger traffic early in the year in which 
we are now entering. 

The length of the line which is now being converted 
represents 22 miles of single track, but as this is only the 
first stage of an important electrification scheme for the 
Manchester area, it was decided to provide a new-power- 
station of sufficient capacity in the first instance to serve 
the needs of present requirements, and provide for con- 
siderable future extensions. In co: uence of the war, 
the full service of electric trains will not be put into 
force immediately, but 27 per cent. of the existing steam 
trains will be replaced by electric trains, and further 
electric trains will be added which will augment the 
present service by 25 per cent. When the full electric 
service is established there will be 90 trains in each 


direction day. The trains will run every 20 minutes 
between 5.30 a.m. and 7.30 a.m. and 7.10 p.m. to 
11.30 p.m., and from 7.30 a.m. to 7.10 p.m. there will 


be a 10-minute service to Radcliffe, with every other 
train running through to Bury, making a 20-minute 
service to the latter town during those hours. 


PoweEr-StarTIon. 
In considering the question of the design and situation 


of the r-station at Clifton due regard has been paid 
to = ar controlling factors in power-station location, 
namely :— 


1. It should be as near as possible to the electrical 
centre of gravity of the anticipated supply. 
2. It should have suitable subsoil for foundations. 


3. There should be a good and ample supply of water. 

4. Easy facilities for the supply a coal of removal of 

The power-station under consideration has been built 
near Clifton Junction Station, a point 4? miles from 
Manchester, on the main line between Manchester and 


, | Bolton, a situation which fulfils a!l the above-mentioned 


conditions. It occu 


a central ition to the Lane: - 
shire section of the 





cashire and Yorkshire Railway, 
tions 


and is adjacent to extensive coal-fields. The founda 





skeleton filled in with brick-work. The steel-work carries 
the crane runways, roof, economiser floor, complete with 
economisers, fans, and chimneys. The building is of a 
substantial design, in which the following objects have 
been kept in view :— 


(a) Ample room around the various machinery. 

(b) Accessibility for repairs and ease of inspection. 

(c) Abundance of light to all parts. 

(d) The lay-out of the auxiliary machinery speciall 
has been such as to keep everything in fu 

view of the operating staff, 

A general view of the turbine-room is shown in Fig. 8, 
and of the boiler-room in Fig. 9, page 32. The experience 
gained with other electrification schemes has shown that 
power-stations generally have not been designed with a 
sufficient provision for growth, which, in the majority of 
cases, has proceeded at a very rapid rate. At Clifton 
this contingency has been carefully provided for. 

Boiler-Room (eee Fig. 9).—The boiler-room is 110 ft. 
long and 90 ft. wide, and is parallel with the turbine- 
room. The boiler-room at eg contains three Bab- 
cock and Wilcox water-tube boilers, each having a normal 
evaporation of 32,000 lb. of water per hour, from and at 
212 deg. Fabr., the steam pressure being 200 Ib. per 
7 gauge, superheated to 700 deg. Fahr. at the 
outlet. 

A glance st Fig. 4 will show that the boilersare arranged 
in pairs alongside each other ; each pair makes up a steam 
unit, and is provided with its own induced-draught plant 
ard chimney. : : ; 

The boilers are fitted with chain-grate mechanical 
stokers of Babcock and Wilcox’s latest type. They are 
driven by three-phase 440-volt motors, and fitted with a 
variable- gear-box, een lege variation to the 
grate of from 6} ft. to 25 ft. per . The grate area of 
each boiler is 144 sq. ft., the heating surface 7135 sq. ft. 


and the superheating surface is eq. ft. ’s 
economisers are , and have been above the 
, boilers. This position was found to the most ad- 
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ELECTRIFICATION OF THE MANCHESTER TO BURY SECTION; L. AND Y. RAILWAY, 
(For Description, see Page 28.) 
Fig. 5. 
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cad dip length af thn Ataumpratons, asthe emaias 2 

ney- causing & 
smaller resistance to the products of combustion. Each 
boiler has its own economiser, which is fitted with 256 
tubes, 4°, in. in diameter 7 9 ft. long. The tubes are 
— with electrically-driven scrapers. The induced 
ans are capable of dealing with the products cf combus- 
tion from two boilers w working together. The fans 
were manufactured by Messrs. Musgrave and Co., of 
em 1 and are provided with ring-lubricated, water- 
cooled ings, and are driven by a 40-horse-power 440- 
volt three-phase motor, having a speed of revolu- 
tions ae minute. Prob Tie 10 is of Ly totally-enclosed 
squirrel-cage type (see Fig. 10, page 32). 

The chimneys, manufactured by Messrs. Clayton, Son 
and Co., of 8, are made up of mild-steel plates 
varying from ,', in. to 4 in. in thickness. They are 6 ft. 
in internal diameter, brick-lined, the tops pap by ft. 6in. 
above the firing-floor level. The ash from boilers, 
after passing over the back end of the grate, drops into 
ash-hoppers, and from that point is taken apne yh | 
means of rs. Babcock and Wilcox ff suction 
arrangement, to a receiver placed at entrance to 
the coal-bunker ay (see Fig. 6). From this receiver, 
the ash, after having been coo! = y of water 
injected into the receiver itself, is loaded periodically 
into wagons at the main-line level. Provision is made so 
that soot from the economisers can be dealt with in the 
same way as the ash. Elevtrically-driven ash- ers 
are provided between the meee and the suction 
_——. The ash-pipe is made of cast iron, and is 8 in. 
in diameter by 1}-in. thick. It runs along the ash- 
tunnel the full length of the boiler-room. In this pipe 
two inlet boxes are arranged underneath each boiler, so 
that the ash ma straight into the ash-hopper, 
through the er, direct into these inlet-boxes. At 
the end of the main ash-pipe there is a bell-mouth open- 
ing for admitting air. © soot from the economisers is 
taken by a separate cast-iron pipe running underneath 
gy f 30 tons, and 

© -receiver & capacity o tons, is 
vided at the bottom with a two-way shoot, so that the 
contents may be discharged into wagons on either of the 
roads which run over the coal-bunkers. e air- 


exhauster is motor-driven (see Fig. 7), and is of the| Th 


Roots blower type, having a capacity of 3250 cub. ft. 
of air per minute, at a pressure of about 24 lb. per sq. in. 
It was manufactured by the Sturtevant Engineering 
Company, U.S.A. 

The coal-bunkers are situated in the centre of the 
boiler-room (see Fig. 2 and are filled by means of 
bottom-hopper wagons, the rail level being 37 ft. above 
the boiler-room firing floor level, and 7 ft. above the eco- 
nomiser-floor level. e hoppers are constructed of mild 


steel plating, and are of ample capacity, holding 50 tons 
of coal without trimming. Corrugated sheet-steel par- 
titions se te the coal-bunkers from the economisers. 


Each boiler is fed by a separate hopper having two 
shoots, directing the coal into the receivers for the chain- 
grate stokers, suitable baffles controlling the supply. 


A yey be. ae is —_ on he approach 
road for checking su © weighing appa- 
ratus has been installed on the cies hemativen There 


are three coal-sidings for the exclusive use of the power- 
station ; two are used for full and empty wagons respec- 
tively, having a capacity of twenty-four 20-ton hopper- 
wagons each, and the third siding is used chiefly for 
shunting purposes, and accommodates sixteen 20-ton 
gee Convenient connections are made with 
the up and down main lines, and the sidings are so 
arran that un shunting is reduced to a 
minimum, and does not involve the main lines. 
_ Turbine-Room (see Fig. 8, pege 32).—The turbine-room 
is 188 ft. long and 64 ft. wide. The turbine-room floor 
consists of cast-iron non-slip grating. Suitable wells are 
arran so that all auxiliaries in the basement, which is 
20 ft. below, can be lifted directly by the crane. A 50-ton 
electric everhead travelling crane, made by Messrs. T. 
Broadbent and Sons, Huddersfield, is provided in the 
turbine-room, wre &, span of 61 ft., and travels the 
full length of the building. 

5000-Kw. Turbo-Alternator Sets.—Two main generator 
sets, each having a normal —— * 5000 kw., are 
installed. turbines were manufactured by Messrs. 
Dick, Kerr and Uo., Preston ; they are of the —|¢ = 
type, having © Curtis wheel at the high-pressure end, the 
remainder being of the Rateau principle. The speed is 
1500 revolutions per minute. Each turbine has two rows 
of wolfram-steel blades on the velocity wheel, and ten 
rows of brass blades on the low-pressure wheel, the axial 
and radial clearances being 5 mm. and 7 mm. respectively. 
governor gear of each turbine is fitted with a small 
electric motor, enabling the gear to be controlled from 
the main switchboard. The total weight of each turbo- 
anene is 115 roe hy wa Pam alternator consists of 
n -Kerr two- ree-phase machine, generatin 
at 6600 volte 25 cycles, and is capable of carrying 25 ~ 
cent overload for two hours, and ‘0 per cent. overtoad for 
five minutes. 

The alternators are self-ventilated by means of fans 
fitted on the shaft at each end of the rotor. The air for 
ventilation passes through Heenan and Froude wet 
gon yen Wy ep of which can deal with 25,000 cub. ft. to 
30,000 oub. ft. of air minute, the air ing through 
the filter at an approximate velocity of 1500 ft. per minute. 
Rach turbo-alternator is complete with its own condensi 
plant, the latter being manufactured by Messrs. W. H. 
Allen, Son and Co., of Bedford, and consisting of condenser, 

cupactlontad diver poaeotin ti Fe 

mp, ex on very pumps (see Fig. 19, 
The condensers are of the surface type, of suffici ‘ 
capacity to deal with 82,000 Ib. of steam per honr, and are 
capable of maintaining a vacuum of 28.1 in. (barometer 30) 


ficient 





at full load when supplied with cooling water at the rate 


of 6700 per minute at a temperature of 75 deg. 
Fahr. condensers have a diameter of 80 in., and 
each is fitted with 3464 tubes, having an internal diameter 
of } in., the total cooling surface being 9500 sq. ft. The 
weight of each condenser (exclusive of water) is 38 tons. 
circulating-water pumps are of the ‘‘ Conqueror” 
centrifugal self-regulat type with 20 in. diameter 
suction and delivery branc and are capable of deliver- 
ing 6700 gallons of water per minute, against a 35-ft. head 
when or oy | at 485 revolutions minute. Each pump 
is directly driven by a Dick-Kerr slip-ring induction 
motor of 110 brake horse-power. The steam-jet ejector 
is by a 1}-in. steam-pipe, and the estimated steam con- 
sumption is 0.75 per cent. of the turbine steam consump- 
tion. When on full load this will take 465 Ib. of steam 
per hour. The kinetic air-pump (7 in. bore, 45,000 
gallons per hour, 90-f. , extraction pump (5 in. 
suction, 3 in. delivery, 10,200 gallons per hour, 40-ft. 
delivery head), and the gg (3 in. suction, 
delivery 10,200 gallons per hour, 20-ft. head) are all 
mounted on one -plate, and driven by means of a 
Dick-Kerr 45-brake-horse-power slip-ring motor at 1450 


‘revolutions minute. 
500-Kw. Geared Turbo-Alternator.—The power for the 
auxiliary apparatus is provided by a 500-kw. -driven 


turbo-alternator, built by the British Westinghouse Com- 
pany, ~'- oe py =e Fig. 20, pare 36). Thisset, which 
is complete with a surface- lensing plant, generates 
 ~ e * 440 = 25 cycles, = 4 turbine is of the 

estinghouse high-pressure ‘‘Im ” running 
at 3600 revolutions per minute. The testes tab two rows 
of nickel-steel blades on the velocity ee ten rows 
of nickel-steel blades on the low-pressure wheel, the axial 
and radial clearances being 4 in., ;*; in., and } in. respec- 
tively. The total weight of the turbo-alternator complete 
with gear and gear-case is approximately 30 tons. 

The gearing, which gives a speed reduction of 3600 to 
750 revolutions per minute, has been manufactured by 
Messrs. David Brown and Sons, Limited, of Hudders- 


pro-| field. The gear-wheel has a rim of special high-carbon 


steel, built up on a steel spider, and has 183 teeth. The 
pinion is made from solid nickel steel, and has 38 teeth, 
with a pitch of teeth 0.597 in., and a face width of 21 in. 
© generator is of the Westinghouse alternating-current 
— type. capable of giving a continuous output of 
kw. e condensing plant is on the Westinghouse- 
Leblanc patent system, and consists of condenser, 
circulating-water pump, air-pump, and extraction and 
delivery pump. Westinghouse surface four-flow type 
condenser is used, which has a cooling surface of 850 sq. ft. 
It is capable of dealing with the turbine exhaust, and 
maintaining a vacuum of 27,5 in. to 28.5 in. (barometer 
30 in.) on full load when supplied with cooling water at 
the rate of 784 gallons per minute, at a temperature of 
75 deg. Fahr. Ibis 6 ft. 84 in. between tube-plates, and 
contains 652 tubes of solid-drawn brass, fin. O.D. and 
181.W.G. The total weight is approximately 5 tons. The 
circulating-water pump is of the centrifugal tyre, having 
8 in. suction and delivery branches, and is capable of 
delivering 784 gallons of water per minute against a head 
of 23 ft. when running at 1440 revolutions per minute. 
The air-pump is of the Westinghouse-Leblanc rotary 
valveless dry-air type, with a 4-in. suction branch and a 
3-in. delivery branch. A centrifugal extraction and 
delivery pump is used, capable of delivering 11.6 gallons 
of water per minute against a head of 8 ft. when 
running at 1440 revolutions per minute. All the three 
ee are mounted on one common bed-plate and driven 
y & 22-brake-horse-power motor, and the approximate 
weight of the combined set is 2 tons. 
 hot-well (see Fig. 18, page 33) is arranged centrally 
between the main generators, and is of liberal capacity, 
holding 1460 gallons. Ib is divided into two compartments, 
so that the valves may be examined and the tanks cleaned 
and painted without putting it out of commission. Pro- 
vision is made for a supply of make-up water from an 
auxiliary tank fed from the circulating water-mains. This 
water is treated in a softener, and the supply regulated 
by a 3-in. float-valve in the hot-well. An emergency con- 
nection is also taken from the town’s main ; this also is 
controlled by a similar valve operating at a lower level in 
the hot-well. 

The condensate from the turbines is introduced at a 
point below the minimum water-level in the hot-well, so 
as to prevent aeration. Connections are taken from the 
underside of the hot-well, one from each division, uniting 
in @ common main to the feed-pump suction. The water 
in the hot-well is heated by means of four 3-in. exhaust- 
steam ejectors, the exhaust steam being taken from the 
turbine feed-pump. Two test-tanks, mounted on weigh- 
ing machines, are carried on the top of the hot-well, and 
arranged to work alternately and independently of each 
other. The condensates from all the sets are so conveyed 
to the hot-well that the condensate from any one set can 

96 passed through the test-tanks, while the others are de- 
livered directly to the hot-well. 

A suitable tumbler, constructed to direct the flow of 
water into one tank or the other, is placed between and 
above the two tanks. By this means the water is diverted 
without interfering with the continuous delivery from 
the set under test. Each test-tank has a total capacity 
of 3800 Ib. of water, discharging through a 6-in. quick- 
acting valve directly into the hot-well below. The 

ng hines are graduated to read zero when the 
tanks are empty. 


Boiler-Feed Pump.—The station is at present equi 

with two boiler-feed pumps, supplied by leone Minder 

and Platt, Limited, of Manchester—one a turbine-pump, 

and the other pump, both capable of 
of 2 





~ bam per hour against a 


a 10,000 gallons of 
head 7 Ib. per sq. in. 
Tt is interesting to note that the reciprocating pump is 





the only reci ing machine in the station. It is in- 
tended that turbine-pump should be used in service, 

reciprocator as a stand-by. Both pumps are 
ituated near the hot-well, and at such a level that they 
are always flooded (see Fig. 18). The turbine-pump is of 
the high-lift multiple-chamber type, absorbing 40 brake 
horse-power. It a 5-in. suction and a 4-in. delivery, 
and is driven by s 45-brake-horse-power high-pressure 
turbine of the horizontal Curtis type, made by the 
British Thomson- Houston Comerag. Rugby, and runs 
at 3000 revolutions per minute. e weight of the com- 
bined set is approximately 1 ton. The reci ting- 
pump is double-acting, and makes thirteen double strokes 
per minute. Its chief dimensions are :—Cylinder, 10 in. 
in diameter, with a 24-in. stroke ; suction branch, 6 in. 
in diameter ; and delivery branch, 4 in. in diameter. 

Spray-Pumps—Two Age are installed for the 
purpose of dealing with the cooling of the circulating 
water. These pumps, with their motors, are exactly 
similar to the circulating-water pumps for the main sets. 

Condensing water is obtained from the canal, and it 
passes first through a bar-screen, which stops the entrance 
of thelarger pieces of floating matter, and then through 
rotary screens, which check the smaller weeds, &c., before 
reaching the cooling pond. The rotary screens, which are 
shown in Figs. 15 to 17 and 21, are two in number, each 
10 ft. mm diameter, and rotate at 1 revolution per minute. 
They are driven by Pelton wheels through worm-gearing ; 
the water for driving them is obtained from the spray- 
pump discharge, and is under a head of 18 ft. When the 

y-pumps are not working, the water is obtained from 
the auxiliary tank. screens are cleaned by means of 
rotating jets, which spray on the exposed portion of the 
screens, on the side away from the incoming supply of 
cooling water. 

The arrangement of the circulating-water pipes is shown 
in Figs. 11 to 14, page 33. The water flows from the cool- 
ing-pond into a brick-lined collecting-pit, and thence by 
gravity down a 45-in. pipe into the circulating-water 
suction-main. This suction-main has a maximum diameter 
of 62 in., and is of sufficient area to supply the demand 
of the whole station when extensions are completed. The 
present pipe supplies the two main condensers, the 
auxiliary condenser, also the water to the auxiliary 
tank, and is capable of easy extension as required. 
Water, having passed through the condensers, flows by 
gravity into a 62-in. diameter discharge-main running 
parallel with the suction-main. This pipe is fitted with 
suitable branches for future extensions, and discharges 
into a concrete channel running parallel with the canal, 
having outlets at convenient points. This channel is 
shown in Fig. 22. mections are taken from the dis- 
charge-main to the comee genes, 5° that the hot circu- 
lating water can be pumped k to the cooling-pond 
through the spray-nozzles. Thus two methods of cooling 
are available, or a combination of both methods can be 
used at thesame time. The discharge-pipe from the spray- 
pumps to the ay nr is 32 in. in diameter, and runs 
alongside the 45-in. diameter delivery-pipe from the pond. 

Cooling-Pond.—The cooling-pond is 408 ft. long, 109 ft. 
wide, and 2 ft. 6in. deep. The spraying arrangement has 
been — 4 Messrs. Harrison, Son and Jobson, 
Limited, Middlesbrough, and is capable of cooling 402,000 
gallons of water per hour from 95 deg. Fahr. to 75 deg. 
Fabr. under normal atmospheric conditions, being so 
arranged that slight extension to the pipework will 
double the capacity, to 804,000 gallons per hour. The 

iping is constructed in four separate units, each unit 

ng controlled by s valve situated in a convenient 
—s on eae pe side. Each unit is divided into three 
engths < lel piping, 32 ft. oor — in —_ 
pipe are 24 nozzles, spaced 3 ft. apart, thus making 
a total of 288 nozzles for the present plant. h nozzle 
orifice has an area of 0.39 eq. in., and is capable of passing 
1396 ions of water per hour at a head of 18 ft. The 
circulating-water pipes have been manufactured by 
Messrs. Clayton, Son and Co., of Leeds, and at the 
railway company’s works at Horwich. 

Auailiary Water Supply.—An auxiliary water supply 
has beeh installed to meet the demand for water other 
than that required from the town’s main. This water is 
delivered into a storage-tank from the circulating-water 
suction-main by means of a Mather and Platt turbine- 
pump situated in the turbine-room basement. This pump 

as a capacity of 12,000 gallons per hour, against a head 
of 50 ft. when running ata of 1420 revolutions per 
minute. It has a 5-in. diameter suction and a 4-in. 
diameter delivery, and is driven by a 6-borse-power 
induction-motor. The pump and motor are mounted on 
one common bed-plate. The auxiliary tank is situated 
above the economiser floor, and has a capacity of 2900 
ons. The delivery water from the pump is controlled 
y a 5-in. float-valve in the tank. An emergency connec- 
tion is taken from town’s main, and is controlled by 
a 3-in. float-valve operating at a lower level than the 5-in. 
valve. The auxiliary tank supplies water to the hot-well 
for make-up, to the main condensers for flooding pur- 
ares to the oil-coo! and numerous smaller 
jetails both in the turbine-room and the boiler-room. 

Water-Softener.—The water-softener, manufactured by 
Messrs. Bowes, Scctt and Western, Limited, London, 
has a capacity of 1000 to 1500 gallons of water per hour ; 
it is 20 tt. i iameter of 6 ft. 3 in.; the 


. 6 in. high, with a 
decanter has a settling-tank capacity of 3940 gallons. 


(To be continued.) 





“Tue Burper.”—The new year’s number of this 
journal contains a ceries of interesting articl 
later architects of Renaissance ; 
design for St. Paul’s; on the architecture of Flanders 
and t ; Italian architecture, &c. 
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DILUTION OF LABOUR AND EMERGENCY 
WORK. 


To THe Eprror or ENGINEERING. 

S1r,—The Minister of Munitions, who has my deepest 
and solid support in the work he has undertaken, is 
unhappily a man entirely devoid of technical informa- 
tion, otherwise he would be able to be much more effective. 

Take the congestion of work in engineering establish- 
ments, due to the fact that all joints about engine, 
boiler, and even, I believe, skin of ship, have to be metal 
and metal. Surely no up-to-date engineer, if placed in an 
emergency position, would retain such practice for a 
moment; but anyone who has experience of Service 
methods knows that it matters not how devoid the office- 
holder may be of initiative, so long as he can confirm with 
boredom of ‘“‘ wait-and-see” Minute Paper palaver. 

Many of the craft at present building are of a special 
class, and will, on the conclusion of war, be practically 
of no further service, and therefore the readiest means of 
production should be adopted. But as =eee expedition 
and cost, such as are successfully attained by the engineers 
building our first-class liners, these craft can readily prove 
to be equal to the most exacting requirements. 

This, together with the istent refusal to use a 
cast-shell body in place of the steel body, the one being 
practically complete when cast, against the much more 
ex ive and slower of machining, would also 
dilute automatically labour, and solve the problem the 
Minister of Munitions has before him. 

One might as well expect to secure the benefits of sea 
bathing by compelling a man to put on a diving-suit 
before entering the as to expect to secure early 
victory by incompetent dling of our resources. We, 
as a nation, can defy the world in resourcefulness. But 
we must not attempt to transfer the general office staff to 
the machine-shop and expect to get the same results ; to 
govern an engineering works it is essential to have an 
engineering head, and the same applies ae every 
line of life. We never find a retired colonel appointed 
to the Lord Chancellorship, Attorney-Gen 
Solicitor - Generalship, but to a post he understands. 
H.M.S. Pinafore recital ‘Stick to your Bench, and 
never go to Sea,” is only too seriously true. 

Yours faithfully, 
Davip A. Sueret, A.M.I. Mech. E. 

Enerdale House, Heaton Grove, Newcastle-on-Tyne, 

January 5, 1916. 





TORSION STRESSES IN FRAMED 
STRUCTURES. 
To THE EpiToR OF ENGINEERING. 

Srr,—I t that circumstances have prevented me 
from answering Professor Batho’s letter of November 29, 
which appeared on December 17. | 

In my letter of November 5, which appeared on page 
466, no exception whatever was taken to the application 
of Professor Batho’s method of solving the problem as 
applied to the torsion of framed structures in which the 
relative size of the members is small, under which cir- 
cumstances accurate results are to be expeeted. When 
applied to the case of hollow —— having continuous 
boundaries, however, the results obtained are entirely 
at variance with the modern theory of torsion which has 
been amply confirmed by experimental research. 

Referring to Fig. 3 of Professor Batho’s paper, on 
page 392 (October 15) it will be seen that the shear stress 
at two points on the contour distant 5s apart is asswmed 
to be the same, and thie without the least justification. 
By taking moments and integrating round the whole 
contour of the prism, the following formula is obtained :— 


=Tb 
2A’ 
where S is the total shear, bis the length of the prism, 


T equals the torque, and A equals the area of the base of 
the prism. It would therefore appear that the shear is 


independent of the ratio major axis for the same area 
minor axis 


of section, leading to the conclusion that a section in 
which this ratio is very large is as efficient as one in 
which this ratio equals unity—i e., when the section is 
circular. Such a conclusion is, of course, contrary to all 
experience. 

n the case of sections ~ | non-continuous boun- 
daries—i.e., rectangular and polygonal sections gene- 
rally—the effect of the corners is equally in evidence 
whether the walls be thick or thin. St. Venant in his 
classi memoirs on torsion has deduced expressions 
for the stresses in solid and hollow prisms subjected to a 
twisting moment, and these have been fully confirmed by 
experimental research. In the case of hollow rectangular 
prisms, St. Venant demonstrated conclusively that a con- 
dition of zero stress exists at the corners of such prisms ; 
moreover, St. Venant’s formula for hollow rec 
prisms only applies rigidly when the walls are infinitely 
thin. Experiments carried out by the writer on the tor- 
sion of hollow rec prisms gave results which 
differed from St. Venant’s results by only about 2 per 
cent., while it was found that a & section, 1.50 in. 
square by 0.05 in. thick, developed 86.7 og cent. of ite 
geometrical strength, as com: with 84.3 per cent. as 
obtained from St. Venant’s formula for a solid square 
section. The above hollow section cannot, strictly speak- 
ing, be assumed to have thin walls in the mathemati 
sense, but the above figures indicate that the nature of 
the surface stress distribution in a hollow section is similar 
to that im a solid section of the same shape. It is incon- 
ceivable that the nature of the stress distribution could 
be i by thinning the walls. 

Professor Batho seems to have some misconception as 


ip, or | h 





to what is meant by “the ing of sections at right 
angles to the axis of twist.” This does not refer to the 
closing in of adjacent plane sections, but refers to the 
alteration in shape of any one cross-section of the prism 
under the application of a torque.* 

In regard to Antenrieth’s formule, it may be pointed 
out that these were obtained in an entirely different 
manner from those of St. Venant. Discrepancies were 
therefore to be expected ; and, moreover, in all cases of 
interest to the eer, agreement is fairly complete. 
Antenrieth’s formule do not refer only to thick-walled 
hollow sections, but are equally applicable to those having 
thin walls. 

A clue to the condition of stress in a thin-walled 
hollow prism subjected to a twisting moment may be 
obtained from a consideration of its hydrodynamical 
analogue. If we consider the walls of the prism to 
fluid, constrained by the outside and inside boundaries of 
the prism, and if this fluid is given a uniform spin so that 
its angular velocity is constant, then the stress at any 
point is represented by the linear velocity of the fluid at 
that point. In the case of a hollow rectangular prism, at 
the corner the fluid suffers a sudden change of direction 
at right angles to its original direction, with the result 
that at this point the velocity in the original direction is 
zero, and in coi uence the stress at this point must also 
be beng Clearly this applies whether the walls be thick 
or > 

In the case of hollow polygonal sections such as the 
hexagon, &c., the stress at the corners will not be zero, 
~ tel ~ oe of cop the —_ +~ & component 

velocity in its original direction, this being in accord 
with Antenrieth’s deductions. = 

In his demonstration on 623, Professor Batho 
does not by any means justify the methods he used in 
~ ol gin oe. Not only poe = —— that the 

lement 6s suffers a change in length under applica- 
tion of a torque, which in itself infers a diffortone in 
stress at the two ends of the element, but he proceeds to 
ignore this by using his theorem 3, the fallacy of which 
as already been pointed out. 

The extension of Professor Batho’s method to the case 
of solid prisms would indeed be interesting, even if such 
extension yielded —- ximate results. 

aithfully yours, 
ame _ Enpvest G. Rircui. 
Engineering Department, University College, Dundee, 
January 12, 1916. 





SHELLS; MORE SHELLS. 
To THE Eprror or ENGINEERING. 

Srr,—Permit me to offer a criticism on this corre- 
spondence. 

1. “Shells ; more shells,” should read, shell bodies ; more 
shell bodies. 

2. Shell bodies of preseed steel to the stringent Govern- 
ment specifications are now, and have been for some time, 
— in sufficient quantity to meet the demand for 
shells. 

3. This is ascertainable with some trouble, but cannot 
be officially publishe 1. 

4. However thermally treated, an 
be rendered as reliable as the steel now used. 

5. Tensile s' hs up to the amount mentioned are, 
and have been, obtainable for many years with thin 
malleable castings, but not over in. thick. 

_6. The mixture given (in which, by the way, the limits 
given sufficiently neutralise their value) is an ordinary 
refined malleable pig, such as has been made in Middles- 
—— and other places for the past twenty years. 

7. There is nothing novel in annealing, except by 
ons 4d. per pound, instead of 4/. 13s. 3d. per ton. 

8. Your correspondent should ascertain the total weight 
of pressed steel shells being turned out per week, and 
then — it with the estimated weight which could 
be tu out by the plants he thinks available for making 
his proposed metal ; also the cost for providing further 
pr oes plant ; = aby ade — A. nod absurdity 
of the proposals which he has been lured into advertising. 

9. The sdea of applying the term “ inventor” to any 
one proposing a certain mixture or advocating a heat 
treatment carries its own criticism; a more suitable 
one can be found in Macaulay’s essay on Mr. 

Montgomery. 

10. Your Openshaw correspondent very ably criticises 
the proposals, and these few remarks may help to sub- 
stantiate his observations. 


January 10, 1916. 


casting can never 


Yours truly, 
INDEX. 





To THe Epitror or ENGINEERING. 

Srr,—I have followed with much interest the corre- 
spondence re cast-iron shells which has appeared of late 
in your columns. From whatI can gather, the or pe nd 
of your correspondents do not see any special difficulty 
in replaci' 
Personally I am not over-sanguine of the results of such 
a change, and the whole difficulty would seem to rest in 
the premature collapse of the shel 

Cast iron occupies a unique position amongst the metals 
used in eae ae ang Pd fo nam y the most brittle of these 
me its elastic limit being for all practical purposes 
nil. sudden propulsive and concussive forces of such 
a magnitude as is produced in our modern guns acting 
on the shell, in which there are at given points variations 


cal | in mass and differences in direction of dimensions, would 


set up a tendency for these masses to part company ; and 
peng ‘ot shell made of cast iron, internal ume @ least 
would be formed, even if it did not immediately collapse ; 





* See Todhunter and Pearson, ‘‘ History of Elas- 
ticity,” vol. ii., Part I., page 27. 


steel shells by shells made of cast iron. 73, 





hence premature bursting might be expected as a regular 
ocourrence in such shells, . addition, the strength of 
cast iron rapidly falls with rising temperature, and a 
considerable drop in strength is noted even at tem ° 
tures from 60 deg. to 100 deg. Cent. This would also 
assist in the premature bursting of cast-iron shells under 
such conditions as obtain in the modern gun. 
Undoubtedly cast iron will not satisfactorily replace 
steel for the manufacture of ordinary shells ; but, at the 
same time, I am of the opinion that much greater use could 
be made of cast iron in such . ents as the te 
velocity trench-guns” spoken of by your correspondent 
Frederick Mann. It might be of interest in this connec- 
tion to point out that cast iron can be uced having 
& certain amount of elasticity. This is by no means an 
entirely new thing, for a sample of cast iron ( fonte 


be specials)“ capehie of forging” was exhibited at the Paris 


xhibition in 1900. 
Tn connection with the use of malleable cast iron, the 
great difficulty with = metal reaped y | that of _ 
ing uniformity of composition and homogeneity o' 
structure. Your correspondent aforementioned, in his 
letter of January 7, gives one to understand that a cast 
iron of 0.45 per cent. phosphorus content is of necessity 
a close-grained iron. This is not so, for the grain size of 
cast iron does not depend on the phosphorus content. 
ing this letter will not occupy too much of your 
valuable space, 
I am, yours truly, 
J. Epcar Horst. 
15, Manchester-road, Tintwistle, Cheshire, 
January 12, 1916. 





THE FIRST ELECTRIC TELEGRAPH. 
To THE Eprtor oF ENGINEERING. 

Srm,—I was extremely to read Mr. Atkin’s 
letter of the 28th ult, drawing attention to the first 
electric h, 8 miles , constructed at No. 26, 
Upper Mall, ersmith—Kelmscott, 1816, by Sir 
Francis Ronalds, F.R.S. Might I venture to state that 
the first step for the use of electricity for telegraph wire 
was taken by Mr. Charles Morrison, a native of Greenock, 
Method of Conveying Latelligence,” in the Sots Magazine, 

ve n ” in the ‘agazine, 
dated February L 1763. 

Dr. Morrison communicated his idea to Sir Hans Sloane, 
who — of his method of constructing the telegraph 
wire. late Sir David Brewster, the eminent Christian 
philosopher and ve of the Edinbu 
stated that the i of the practical a 
transmission of messages was cadoubtellly 
by an article in the Scots Magazine, 1753. 

Yours most enouely. 
Joun W. Grant, A.M.C, Inst. (Lond.) 

Greenock, January 5, 1916. 


University, 
cation of the 
first suggested 





Oprntnes ror British Trape.—The Board of Trade 
Journal for the 6th inst. publishes a further statement to 
the effect that applications had been received at the Com- 
mercial Intelligence Branch, 7% Basinghall-street, London, 
E.C., from a large number of firms in all parts of the 
United Kingdom, who wish to enter into communication 
with Uni ae manufacturers and producers of 
various classes of goods which have viously been 
obtained from Germany and Austria-Hw The 
Journal gives the list of the goods in question. 





Coat Imports 1nTo ITaLty.—The statistics published 
by the journal La Metallurgia Italiana give the foliowing 




















figures for the coal imports, in tons, into Italy :— 
August to Jan to 
Proceeding from 19138. 1914. December, aaine, 
1914. 1915. 
tons tons tons 
Great Britain .| 9,896,132 | 8,485,121 | 8,143,678 5,514,191 
Germany .. ..| 967,774| 836,987 220,046 486,251 
France ns .-| 166,674 67,244 14,872 23,170 
Austria-Hungary..| 183,978| 66,474 10,736 12,740 
United States ee 93,528 291,644 119,609 895,216 
| | 


Our Locomotive. Exports.—The war greatly reduced 
last year the exports of locomotives from the United 
Kingdom, but deliveries were still upon a considerable 
scale, the ag te value attained for the twelve months 
having been 2,476,407/. In this total deliveries to Argen- 
tina figured for 288,595/.; South Africa took our 
tives in 1915 to the value of 54,513/.; British India to 


ia to the value of 
8837. The yearl i in 


the ten years ended with 1915 inclusive was as follows :— 
Year. —_ Year. — 
1906 .. 2,896,293 1911 2,307,620 
1907 .. 3,432,841 1912 . 2,187,198 
1908 .. 2,729,065 1918 .. 2,781,856 
1909 .. 2,381,145 1914 8,840,262 
1910... oe 1,707,747 1915 .. oe 2,476,407 
The greatest falling off in last year’s pete as compared 
with 1914 _in those made to Argentina, British 
India and Australia. Argentina was suffering during 
the past twelve months from agricultural — 
depression, which the war aggravated ; the Anglo-Indian 


Government restricted its commitments on the outbreak 
of hostilities; and the Antipodes were almost as much 
affected as Europe by the great struggle. 
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ELECTRIFICATION OF THE MANCHESTER TO BURY SECTION; L. AND Y. RAILWAY. 


(For Description, see Page 28.) 
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ELECTRIFICATION OF THE MANCHESTER TO BURY SECTION; 


L. AND Y. RAILWAY. 
(For Description, see Page 28.) 
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the University ; fee, 1/. lls. 6d. Application for tickets gas. The lecturer divided furnaces into :—(A) Natural- 
f admission to be made to Mr. Walter W. Seton, | draught furnaces, used for temperatures up to 800 deg. 
M.A., D.Litt., Seoretary, University College, Gower-| Cent.; (B) furnaces with at low pressures and fan 


street, W.C. draught for temperatures Sewesn 800 deg. and 1400 hige 





Cent.; and (C — gas and — or 
SHELL-MaKING IN AUSTRALIA.— According to informa- | Pressure gas small furnaces, where high working 
tiom secsived through the intermediary of the Fligh umpecatares re eS oe eae on 
OQommissioner for Australia, the Australian Munitions th with .& Pn abg a t rners, w: en 
Committee received nineteen tenders from firms in the | '@° — ware ified urnace. Combustion 
Commonwealth prepared to make shell bodies. The th supported an intenst A a the yy sonine J 
Minister for Defence states that the tenderers intimated | 4 ° ‘eae ine @ y ie and pod f “This will 
their willingness to accept the flat rate. As many shells | Y0°F eusson ; ae ° — Toor. 18 
as contractors can produce will be accepted up to June 20, pow Fran nop oP od thie —_ a 8 ee 
1916, and all those that can be manufactured and delivered Ce ee ee ee Grange 
up to March 31, 1916, will be paid for at the flat rate of — the we conn APT ao Hot ai — 
2s. shell body, complete, delivered f.o.b. Steel | © te the? orking-c th a the “m4 
which has poaeed rigorous tests has been provided by the pa in the furnace bottom ye yt sy Fo at the poin 
-t i Propeistocy Company. onto hess supply has | * ere combustion takes place, © Hame passes on 
to tates, sam uantities can 
a eae ag weg aes on wide by Z _ thick pone Rh up to 1000 deg. Cent. The B 
u tes in t . — 
to 25 tone of round bars.’ The Broken Hill ietary | 80d air 8 Se cones 
size from | *YP®- 

















Oo is os teane taspel thinal whole of the air su is heated, and it is 
the billex in Melboar The price of these flat bars to pene wwe de gfe — Buren burners with 
Fie. 18. ay oe Test Tangs aan mye trials with — Som, a bomb, "10,000 of in such a furnace capable of taking 8 or 9 tons, with a 


& type, modified by Mr. R. J. Lewis from the original consumption of 3000 cub. _—- ton, when 


University or Lonpox, Ustversiry Coniecr.—A 





: 3000 cub. ft. per ton. In the C a furnace for 
course of six lectures on “Electrical Production of the demand arises. hardening cutters, a pen | internally "18 in by 15 in. 
Nitrates for Fertilisers and Explosives” will be delivered by 9 in., can be heated up to 1300 deg. t. in one hour, 
by Mr. E. Kilburn Scott, M.I.E.E., A.M. Inst.C.E., on} Inpustria, Gas.—On Monday, the 10th inst., Mr. | and kept at that for about 400 cub. ft. of hour. 
Wednesdays, at 5.30 p.m., beginning January 26, 1916.| H. M. Thornton delivered a lecture before the Derby| In the manufacture of munitions a L.P.G.A. fu 

The first lecture is open to the public without fee or ticket. i i 7 


rnace 
y Society of Engineers on ‘Industrial Gas, its Services| will take a load of 24 tons, and will anneal carbon steel 
The course is open both to members and non-members of | to the Nation,” the gas in question being town or coal-| in bars at about 3000 cub. ft. of gas per ton. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 29. 

Tue terrible congestion of freight and the or 
shortage of coke is disrupting conditions in the stee 
industry to a most serious extent ; some furnaces have 
been banked up for want of coke. The scarcity of 
pig-iron is becoming serious ; every furnace available 
is in blast ; so great is the pressure for furnace and mill 
supplies that very few concerns feel safe in acceptin, 
business for delivery after June 30. Pig has advan 
to 20 dols.; an order for 30,000 tons was squeezed in 
at Buffalo for delivery next summer. Foundrymen 
in the East are borrowiog from each other. American 
makers of munitions have to bid against European 
buyers, who stop at no price. Inquirers are now 
pressing for over 600,000 tons of large rounds and 
other forms of steel for delivery during the last half of 
1916; one inquiry—250,000 tons—is from France. 
Neutral countries are urgent inquirers; wrought 
iron has been turned to in place of steel. 
are scarce and billets are scarcer, and some mills 
will have to close for want of them; steel billets 
are 36 dols. to 40 dols. Western mills have been 
shipping billets East; cold-rolled shafting is up 
5 ae. a ton; hoops and bands, 2 dols.; wire pro- 
ducts, 2 dols., which is 12 dols. higher than a year 
ago. Shipbuilders are pushing in orders for plates at 
any price named, and mills are sold up to July 1. The 
heavy export demand for tin-plate has sent prices up 
to 3.75 dols. Much more structural iron is called for 
than it is possible to supply ; building operations are 
calling for large quantities, and activity in this direc- 
tion is greater than for a year or two. It is mere 
repetition to say that mills and furnaces are over- 
whelmed with orders and that a great many buyers 
must wait the convenience of manufacturers. Part of 
the material wanted under pressure is for exportation, 
where it is not a matter of how much, but how soon. 
As matters stand, American consumptive requirements 
must take their turn and be content with the best 
that can be done for them. Car-builders report much 
more business in sight than is actually presented. The 
freight congestion continues to be a serious problem 
from every angle, and the general public is not per- 
mitted to be acquainted with the magnitude of the 
obstacles. The industries directly and indirectly con- 
nected with war conditions are working at highest 
capacity, but shipments are slow and cars are getting 
scarcer. 





THE ELECTRIC LOCOMOTIVE.* 


By Freperick WitiiaAmM Carter, M.A., 
Assoc. M. Inst. C.E. 

Tux electric locomotive for use on main-line railways 
has already reached a high state of development in coun- 
tries where conditions are favourable toelectrical operation; 
the number of distinct types that have been developed is 
large, and it is somewhat difficult to classify them simply 
and satisfactorily ; development has taken place along 
two lines, one based on tramway experience and the 
other on steam-locomotive practice. Electric locomotives, 
suitably controlled, are capable of making very efficient 
use of their adhesive weight for developing draw-bar 
pull, and on this account electrical operation often shows 
to advantage where gradients are long and steep. Where 
such conditions prevail, the question of the return of 
energy to the source, by using the motors regeneratively, 
becomes of interest. 

Electric locomotives admit of a primary division into 
two groups—namely, those in which the axles are driven 
independently and those in which they are coupled and 
driven —— With a few exceptions these two 
groups correspond with the continuous-current and the 
al ting-current systems of o tion respectively, 
and have their origin in limitations of motor design. 
With the exception of the Pennsylvania Railroad locomo- 
tives, all important side-rcd locomotives have been 
designed for roy oaex & carrent systems. With the 
exception of the Norfolk and Western locomotives, all 
driving through jack-shafts have been designed to use 
single-phass commutator.motors; with the exception of 
the later Liitechberg locomotives, all driving through 
Scotch yokes employ polyphase-motors. Two methods 
are alt | for driving the axles independently—namely 
the geared and the gearless; unless the driving is 
to be effected through a epring-supported, quill, both 
methods add to the dead weight carried by the axle ; the 
amount of the additional weight is of interest from its 
bearing on the maintenance of the ive driv- 
ing through side-rods assumes seveial forins, but al) result 
in considerable strains in the stracture. Where the 
locomotive is driven by motors of uniform torque the 
main driving forces cause alternating stresses of low- 
frequency in the structure, but where the driving —- 
is impulsive the resultant frequency becomes compara 
with the natural frequencies of vibration of some of the 
Fares and at certain speeds destructive vibrations are 

iable to be set up from resonance between the frequency 
of the main driving torque and the natural frequency of 
vibration of some part or parts; vibrations of emailer 
intensity varying with adjustment arise from 
indeterminateness in the application of the driving 
forces, and such vibrations are also met with in steam 

* Abstract of a pa) read before the Institution of 

Civil Engineers, on Tuesday, January 11. 





locomotives. The polyphase locomotive from its constant 
speed characteristics is less likely to be affected with 
vibration troubles than others. 

The — of —— according to — 
arrangement been adopted m steam practice, but 
hardly affords the same insight as to the type as in the 
case of the steam locomotive. Electric locomotives have 
not always been designed with due to the question 
of stability of the rolling motion of the wheels, and some 
run less smeothly than is desirable on this account. The 
tilting of the rails and the coning of the wheels causes the 
progression, by pure rolling, to assume a sinuous nature, 
and on the stability or instability of this motion depends 
the question whether the nosing effect tends to die down 
or to increase to the limits — by the wheel-flanges. 
It can readily be shown that a locomotive carried on a 
rigid wheel-base is in some circumstances unstable, and 
may Sar! be expected to develop a nosing ten- 
dency if run at high speed ; the same is true when the 
locomotive is divided into units, each carried on a rigid 
wheel-base ; guiding-wheels, elastically centred to al 
with the main wheels, tend, however, to stabilise the 
motion. 

There are few available records of tractive-resistance 
tests on locomotive-drawn electric trains; but among 
the most complete are those taken by the General Electric 
Company in connection with the endurance test on the 
firss New York Central and Hudson River Railroad loco 
motives. These were made on trains of two different 
types of passenger-vehicle, and are of importance in show- 
ing very conclusively that, for a particular type of coach, 
the additional tractive resistance per additional coach is 
a function of the speed, and is independent of the number 
of coaches, provided this is greater than two; the addi- 
tional tractive resistance per additional coach was found 
to be a straight-line function of the speed within the 
limits of the tests. The effective locomotive resistance 
when running with a train was found to be smaller than 
that of the locomotive running alone. 





NOTES FROM THE NORTH. 
. Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Prices of Cleveland war- 
rants were slightly irregular last) Wednesday, and in the 
forenoon cash values fell to 78s. 14d. per ton. At the 
close sellers’ cash quotation was 78s. 3d., while that for 
one month’s iron was 78s. 9d. The business done 
amounted to 2500 tons. A certain recovery was made in 
the afternoon, and while cash iron was completely idle, 
one month’s iron changed hands at 78s. 114d. losing 
sellers’ prices were 78s. 6d. cash, 78s. 7d. eleven days, 
and 783. 114d. one month. Dealings were restricted to 
1500 tons. Friday morning’s market again showed a 
tendency towards epee. Cash warrants changed 
hands first at 78s. 6d., dropping to 78s. 2d., then recovering 
to 7 -» With sellers over at this figure at the close. 
One month’s iron realised 78s. 11d., one transaction being 
included in the turnover of 3000 tons. Although prices re- 
mained steady in the afternoon, practically no business was 
done, only one cash warrant being dealt in. Closing sellers’ 
prices were 4d. per ton over the forenoon’s level. Cash 
warrants represented the only transactions on Monday 
morning, tons being dealt in at 78s. 3d. per ton. The 
close was firm,-and for cash iron sellers’ quotation was 
78s. 6d., and for one month 78s. 114d. A further improve- 
ment took place in the afternoon, when 78s. . was 
realised for four days and 79s. one month, with closing 
sellers 78s. 74d. per ton cash and 79s. 1d. one month. The 
turnover amounted to 1000 tons. Yesterday (Tuesday) 
morning a steady tone prevailed, and at odd dates 2500 
tons of Cleveland warrants changed hands, the prices in- 
cluding 78s. 6d. six days, 78s. 74d. ten days, and 78s. 9d. 
seventeen days, with cash and one month closing sellers 
at practically the same rates as on the previous day. 
Prices dropped a trifle in the afternoon, but it only 
meant 14d. per ton on cash iron and 24d. one month. 
A small iness of 1500 tons was done. Business was 
ratber dull this morning, when the tone was decided] 
flat, Cleveland warrants dropping 4d. per ton, to 78s. 2d. 
cash and 78s. 9d. one month, with sellers over at this latter 
price. 

Sulphate of Ammoni+.—Sulphate of ammonia continues 
firm, alike in demand and in price, and in view of the 
fact that in the very immediate future the demand will 
be considerably increased, the present high rate seems 
ominous. For prompt delivery Glasgow, the price 
remains the same as fast week, 17/. 15s. to 18/.; and at 
Leith, 182. 5s. per ton. 


Scotch Steel Trade.—Although many of the local works 
started up after the holidays on Wednesday or Thursday, 
others again were unable to get into full swing until 
Monday, o' to the extent of the repairs rendered 
necessary by the strain of the five months. The 
scarcity of coal and raw material has been another cause 
of delay, but any time which “7 thus have been lost 
will speedily be made up again. is every indication 


that in the months to come an increased activity will be | Certai 


noted, particularly as manufacturers have oe | orders to 
overtake. The recent visiv of Mr. Lloyd George has shown, 
too, that the West of Scotland is destined to play a very 
prominent in the supply of munitions of war, and that 
so long as war lasts will it be to do all pos- 
sible to keep the output at top level. The suggestion 
having been made that a maximum price be fixed for all 
steel manufactured for the home market it is probable that 
manufacturers will shortly be approached on the subject. 
Considering the present high rate of hematite, it is not 
easy for Scotch steelmakers to make any definite arrange- 
ment in the meantime. In all directions the test 
briskness prevails, particularly with orders on Govern- 


_ ment account, but so far there is not the least proba- 





bility of any change taking place with regard to ordinary 
mercantile business. Plates and sectional material are 
much in demand despite the heavy prices which are un- 
changed from last week :—Boiler plates, 13/. 103. ; shi 
plates, 12/. 10s. ; and angles, 13/. to 13/. 10s.—all less the 
usual 24 per cent. for prompt delivery. 


Malleable-Iron Trade.—As in all else, the malleable- 
iron manufacturers re} excellent business, the pressure 
remains t, prices firm and — possible 
is being done to increase the y enormous output, 
but, of course, distinct difficulties are in the way. 
“*Crown” bars are still quoted the same as last week— 
132. to 132. 10s., less 5 per cent. discount. 


Scotch Pig-Iron Trade.—The increased freight charges, 
in adding to the _ of ore coming into the country, are 
already responsible for a further advance in the price of 
makers’ iron, both No. 1 and No. 3, and these are likely 
to remain very firm. Indeed, some of the best brands 
are now quoted at over 5/. per ton, a price sensational 
in the extreme. While the taking over of the pig-iron- 

ucing works by Government was not unlooked for, it 
is expected that much better conditions will now prevail. 
It is felt that it is only reasonable to put raw material 
and the finished article on an equal footing, and thus 
ensure Government control both of material and labour. 
Nor is the financial aspect lost agus of, for thus both pro- 
ducer and customer will benefit. The shipments of pig-iron 
for the week ended January 1, 1916, amounted to 4611 tons, 
& very considerable increase on the 2298 tons recorded for 
the week ended January 2,1915. During the past week 
sixty-four blast-furnaces have been in operation in Scot- 
— which is seven fewer than in the previous week, and 
nine fewer than at the corresponding date a year ago. 
Makers’ (No. 1) iron is now quoted as follows :—Clyde, 
Calder, Summerlee, and Langloan, 1023. 6d. per ton; 
Gartsherrie, 104s. 6d. (all ~~ at Glasgow); Eglington, 
983. 6d., and Glengarnock, 102s. 6d. (both at Ardrossan); 
a 98s. (at Ayr); and Shotts, 103s. 6d. (at 

ith). 





TRapEe wiTtH Hone Kone.—The Board of Trade are 
notified by the Colonial Office that, according to tele- 
graphic information from the Governor of Hong Kong, 
complaints are being received there that some merchants 
in the United Kingdom are declining to complete or 
undertake orders from Hong Kong merchants on the 
ground that such merchants are not on the white list of 
persons and bodies of persons to whom articles to be 
exported to China may be consigned under the terms 
of the Proclamation of September 24, 1915 (see pages 952- 
953 of the Board of Trade Journal of September 30 last). 
Special attention is drawn to the fact that the Proclama- 
tion referred to does not apply to Hong Kong; Hong 
Kong is not affected by the white list regulations. 





TRADE WiTH On1na.—H.M. Commercial Attaché at 
Pekin reports that the Chinese Ministry of Agriculture 
and Gommerce have recently established a Commercia 
and Industrial Commission whose object is the collection 
of statistics and the development of trade in China, 
and that this Commission desires to receive copies 
of catalogues issued by United Kingdom manufacturers. 
United Kingdom manufacturers and importers of United 
Kingdom goods, who may be interested, should address 
catalogues and price-lists of their om to the Commer- 
cial and Industrial Commission, Ministry of Agriculture 
and Commerce, Pekin. The Commercial Attaché also 
invites publishers of periodical trade publications to send 
specimen copies of their publications, noting amount of 
annual subscription to each, to the Commission, with a 
view to the publications being considered for addition to 
the library which the Commission is installing for the 
assistance of Chinese importers and exporters in making 
connections abroad. 





AUSTRALIAN MgrTaLs.— At the conclusion of a Confer- 
ence in Melbourne recently, in connection with the local 
treatment of Australian copper and zinc, the Common- 
wealth Prime Minister said that satisfactory arrange- 
ments had been made by the Morambora Copper Com- 
od to have all its matte treated at the W: ‘oo and 

oonta Works, South Australia, and negotiations had 
been opened between the Hampden-Cloncurry Company 
and the Wallaroo Company to refine its blister copper 
after the removal of gold and silver contents by 
bottoming. With reference to the question of the manu- 
facture of copper goods, negotiations which had been 

ing for some months with the view to the estab- 
ishment and manufacture of plant for turning out all 
ee by sheet, tube, and bar copper and brass uired 
by ti mon , had now reached a stage when a 


definite result might be looked for. Within a compara- 
tively short time it was ay that the co -manu- 
facturing industry would an accom fact. 


in ons that had been proceeding in London 
for the distillation of zinc concentrates into spelter had 
TOPE Seid ai coteaedd Uap Negeciel Govern 

t wou y ™ vern- 
ment, when in England, with a view to urging that 
immediate steps be taken which would enable the treat- 
ment in Great Britain of the surplus concentrates of the 


another con’ 
Sulphides Corporation with regard to the treatment of 


the im 
policy of treating all metallic products in Australia. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Huli Coal Traffic.—Last year’s coal imports to the port 
of Hull show a decrease of nearly 1,000,000 tons com- 
pared with those of 1914, which is attributed to the 
restriction of exports of coal both to neutrals and 
our Allies. Last year 4,667,733 tons were imported 
to Hull from: the South Yorkshire pits, as against 
5,652,633 tons in 1914. The receipts in December 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade. —Continued shortage of 
trucks and scarcity of labour is handicapping d 
of pig-iron, and customers complain considerably of in- 
adequate supplies. Deliveries to Scotland are very much 
in arrear. here is much ion of shipping at the 
wharves and in the docks. Values of Cleveland pig-iron 


last amounted to 273,943 tons, compared with 398,417 | are now fairly steady. Demand is good. No. 3 g.m.b. 
tons in the corresponding month of the - | Cleveland pig-iron has thie week beew sold at 79s. 60. and 
ing year. Foreign exports from Hull also show a 


marked decrease. Last year’s ex amounted to 
2,449,936 tons, compared with 2, 

Only 85,619 tons were shipped abroad during December, as 
against 191,260 tonsin December, 1914. An extraordinary 
increase been shown month by month in the exports 
of coal to France. Last year she took over a million tons 
more than in 1914, the figures being : 1915, 1,553,831 tons; 
1914, 469,496 tons, The export figures do not 
include coal shipped for Admiralty pu es or the use of 
the Allies’ Governments. Last month 28,795 tons, which 
were received at the port, were exported to London and 
other home ports, making a total of 588,807 tons sent 
coastwise during the year. A comparison of annual 
figures show that last year’s imports were exceeded by 
1913 imports by no less than 3,278,232 tons. The two 
largest customers for the year were France and Sweden. 


South Yorkshire Coal Trade.—The demand for house 
qualities is strong, and merchants find difficulty in Gomes 
promptly with orders. Gas-fuel is in brisk request, bo 
on home and foreign account. A tonnage is being 
shipped to France, which is now relying almost solely on 
the British market for omy Notwithstanding 
Government support, considerable difficulty is being ex- 
perienced with ——— to freights. Licences are being 
refused applicants for export to neutrals, and shipments 
are only on a moderate scale at the Humber ports. The 
situation with regard to best hard coal shows little 
change. The demand still exceeds the copnly. cad there 
is practically nothing on the open market. bbles and 
nuts are in great uest for munition and other work, 
the furnace demand for cobbles being exceptionally heavy. 
Collieries are being sd for slacks, but have no free 
supplies, their output be 
Delay in transit makes the decreased production have a 
marked effect at the dépéts. Cokes remain firm at their 
recent high level. Quotations:—Best branch hand-picked, 
20s. 6d. to 21s. 6d. ; Barnsley best Silkstone, 17s. 6d. to 
18s. 6d.; Derbyshire best brights, 17s. 6d. to 186. 6d. ; 
Derbyshire house, 16s. to 17s.; best nuts, 15s. to 16s. ; 
small nuts, 14s. 6d. to 15s. 6d. ; Yorkshire hards, 16s. 6d. 
to 17s. 6d. ; Derbyshire hards, 16s. to 17s. ; best slacks, 
lls. to 123.; seconds, 9s. 6d. to 10s. 6d. ; smalls, 8s. to 9a. 


Iron and Steel.—A few large works have only just got 
into their stride, owing to the considerable amount of 
stocktaking and the accountancy and clerical work which 
is Soteedl in the extension of Government control to 
various concerns in the city. The first step towards 
fixing selling prices of material has been made in the case 
of hematite iron. A sliding scale has been adopted, based 
upon the cost of coal, coke, and ore. Little change can 
be reported as regards pig-iron, an buying and selling 
are practically suspended, pie the result of the 
movement for controlling prices. Values have undergone 
no alteration since the opening of the new-year. Linocoln- 
shire makers are not quoting, though some i has 
been transacted at 85s. at.the furnaces for all qualities. 
Derbyshire foundry is still quoted round about 80s., 
while forge is 2s. below that re. Anxiety 
among billet users by the gradual depletion of the 
supplies available. Users think the point of exhaustion 
cannot be far distant if this depletion continues as it has 
done for many months. The re for basic 
material is 12/. 10s., and business been done at 13/. in 
exceptional cases. Delivery is the most serious factor in 
this branch of trade, and — is regarded almost as a 
minor factor. American billets are scarce, and are nearly 
as dear as English. Bessemer is quoted at 14/. to 141. 10s., 
and Siemens at 15/. 10s. to 162. uch more material will 
be required to cater for the new shell factories. New 
orders for over-seas are numerous, and include springs 
and buffers for Bombay, steel for Rangoon, Toronto, and 
Montreal, and orders for files, saws, tools, se machi- 
nery, and plane-irons. The whole cutlery industry is 
practically under control, every manufacturer being under 
orders to give first consideration to Arm Navy 
needs. So much work is in hand that Sheffield cutlery- 
makers have to send repairs all over the country, and it 
is feared that there may be something approaching a 
famine in general household utensils ere long. 





Tue German Bunsen Society,—The Deutsche Bunsen 
Gesellschaft its annual meeting in Berlin on 
October 18 and 19, 1915. Ab this Professor W. 
Nernst presented a note on ‘‘The Use of Alternating 
Current for Wheatstone - Bridge Measurements.” We 
mention the fact because there have been istent 
rumours about the death or di of Professor 
Nernst, who was for some time at Front. The Society 
had, however, during the past year, lost several scientists 
of renown, am m the veteran electrochemist J. W. 
Hittorf, one of originators of the dissociation theory, 
who died in his ninetieth year; Otto Sackur, who was 
killed at Charlotten' an explosion while inves- 
tigating thermo-dynamics at the lowest obtainable tem- 
See ; Guido Goldschmied, of Vienna ; and, further, 

rofessor Heinrichsen, of Charlottenburg; M. von 
Kugelgen, an electro-chemical engineer, who had worked 
in recent years in America ; Professor Reinganum, 
of Freiburg ; these three latter were killed at the Front. 


absorbed under contract. | bro’ 


is caused | Per 





79s. 3d., but has now settled to 79s., at which figure a 
fair amount of business has been put ——~ No. 1 is 
6d. to 83s.; No. 4 foundry, Tas. 6d.; No. 4 f 
78s,; and mottled and white iron each 77s. 6d. All 

foregoing quotations are for early delivery. 


Hematite Iron.—There is great scarcity of East Coast 
hematite pig. There is none purchasable for supply 
before April next, and some makers report that they 
have sold the whole of their output to the end of June. 
Notwithstanding efforts to fix maximum rates at mu 
less, buyers are very keen to place orders at quotations 
that have ruled for some time past, and now experience 
considerable difficulty in doing so. For Nos. 1, 2 and 3 
delivered over the second quarter of the year 130s. is 
freely offered, but most sellers ask 135s. 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
are being steadily reduced. Makers have little at their 
Yards, and practically the only stock in existence is 

o. 3 Cleveland pig in the public warrant store, which 

now stands at 109,761 tons, 3285 tons having been with- 
drawn so far this month. Shipments of pig-iron from 
the port of Middlesbrough are on only a moderate scale, 
but are expected to improve. To date this month they 
amount to 9692 tons, as compared with 19,245 tons to 
the same date last month and 3820 tons for the corre- 
sponding part of January last year. 
_ Coke.—The coke position is difficult, supplies are 
inadequate, and sellers are reluctant to fall in line with 
the fixed maximum figure of 286. for average blast- 
furnace kinds at the ovens. Sales, however, are under- 
stood to have been made at the price, to which, how- 
ever, must be added 2s. to 2s. 6d. i to Middles- 
ugh. This still leaves the price considerably below 
what has been paid for some time past for delivering at 
Tees-side furnaces. 


Foreign Ore.—There is little new to report concerning 
foreign ore. Market quotations are still based on 38s. 
ex-ship Tees for Rubio of 50 percent. quality, and freights 
Bilbao-Middlesbrough are fully 21s. 6d., and likely to be 
higher. Consumers of ore are receiving more than they 
need, and with the heavy supplies coming in are accumu- 
lating stocks. To date this month imports to the Tees 
amount to no less than 92,049 tons. 


Manufactured Iron and Steel.—Producers of manu- 
factu iron and steel continue fully ~ 77 on 
Government work, and little effort is made to do ordi- 
nary commercial business. It is understood maxi- 
mum rates have been fixed for steel ship-plates at 11/, 10s. ; 
steel ship-angles at 11/. 2s. 6d.; and steel joists at 
11d. 2s. 6d., all net cash on trucks at works, the 
customary 24 per cent. discount being discontinued. 
These 7 are higher than have been — by 10s. for 
plates, by 7s. 6d. for angles, and by 2s. 6d. for joists, in 
addition to the discontinuance of the usual discount. 
Quotations for all other descriptions are strong, and iron 

and iron angles have each been advanced by 10s. 
ton. Common iron bars are 131. 10s.; best bars, 
131. 178. 6d.; double best bars, 14. 5s.; treble best bars, 
14/. 12s. 6d.;, iron ship-plates, 11/.; iron shi; les, 
132. 10s.; iron ship-rivets, 15/. 10s.; steel sheets (singles), 
14/.; steel sheets (doubles), 141. 5s.; steel strip, 127. 15s.; 
steel hoops, 13/.; heavy steel rails, 11/. to 11/. 10s.; and 
steel railway sleepers, 12/.—rails and sleepers net, and all 
other descriptions less 24 per cent. 

Blastfurnacemen’s Wages.—The average net selli 

ice of No. 3 Cleveland pig-iron for the last quarter o 
[915 has been certified at 67s. 4.16d 
with 64s. 0.54d. for the previous three months, and in 
accordance with sliding-scale arrangements wages of 
wee > the North of England -y increased 

4 per cent., thus raising wages from per cent. 
qheve the standard to 44 per cent above the standard. 

Cleveland Miners’ Wages.—A meeting of the Cleveland 
Ironstone Mine-Owners and the miners’ representatives 
was held at Middlesbrough this week to ider 
question of wages to be paid to the miners during the 
ensuing three months. After some discussion it was 
arranged that wages be advanced at the rate of 34 per 
cant., to take effect from the 24th inst. 





NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has not shown much 
change. Since the Christmas holidays a strong tone has 
prevailed, and confidence has not exhibited any weakening, 
colliery-owners being fully booked for the next week or 
two, and users of limited have been able to 
command a substantial premium on nominal quotations. 
The best Admiralty large steam coal has been, to some 
extent, nominal ; secondary qualities have made 26s. 6d. 
to 27s. ; best bunker mr lan realised 16s. to 17s.; 
and cargo smalls have brought 7s. to lls. per ton. The 
best household coal has been quoted at 23s. to 24s.; good 
households have realised 2ls. to 22s.; No. 2 Rhondda 
large has made 22s. to 23s.; and No. 2 smalis have 
brought 12s. to 13s. per ton. The latest quotation for 
t fuel has been 6d. to 28%. per ton. Special 
oundry coke has brought 42s. to 45s.; good 


the | 8008; and 1915, 


. per ton, as compared | of 





38s. to 42s.; and furnace coke, 32s. to 35s. per ton. 
regards iron ore, Rubio has been quoted at 36s. to 37s. 
a a basis of 50 per cent. of iron, and charges, 

+, insurance, &c., to Cardiff or Newport. 

Western Trade Matters.—Mr. J. A. Findlay, of Aber- 
gavenny, district m for South Wales and the West 

England for the on and North-Western Railway. 
will retire at the close of the present month. Mr. Find- 
ley will be succeeded by Mr. A. Cotton, London and 

orth-Western and Lancashire and Yorkshire Joint 
goods superintendent at Belfast. Mr. Cotton was chief 
assistant in the South Wales district from 1889 to 1895. 
Mr. W. E. Hughes bas been appointed of 
Amaral, Sutherland and Co., Limited. An inquiry has 
been received from the F’ authorities in Senegal for 
6500 tons of patent fuel, to be delivered at Dakar between 
this month and July. The Egyptian State Railway 
authorities also require 250,000 tons of Welsh steam-coal 


e432 


26,000 tons per month in January and February, 25,000 tons 
per month from February to October inclusive, and 10,000 


tons in November. In 


last yee orders were 
ich | placed by the Egyptian authorities for tons of Welsh 
steam. 


-coal. Freight rates from Cardiff to Alexandria 
are now 72s. 6d. per ton, so that future Kgyptian railway 
working will clearly be more costly. The shipments of 
coal from South Wales in the seven years ending with 
1915 inclusive were as follows :—1909, 36,052,611 tons ; 
1910, 35,619,202 tons; 1911, 34,944,044 tons; 1912, 
36,258,494 tons; 1913, 41,413,243 tons; 1914, 34,009,476 
523,736 tons. Patent fuel shipments 
at Swansea were fairly maintained, coming out last year 
at 628,234 tons, as compared with 722,564 tons in 1914, 
920,698 tons in 1913, and 715,380 tons in 1912. While 
there was a decreased export movement in 1915, the fall- 
ing off was less severe than might have been anticipated. 
Shipments of coal, coke, and patent fuel from Newport 
last year attained an ag te of 4,712,003 tons, against 
5,605,915 tons in 1914, 6,243,889 tons in 1913, and 5,495,575 
tons in 1912. Last year’s shipments, foreign, were 
3,401,107 tons. Port Talbot shipped 2,185,830 tons of 
coal last year, against 2,025,902 tons in 1914, 2,478,308 
tons in 1913, and 2,146,501 tons in 1912. 





Our Rais ABROAD.—Last year’s rail exports showed 
a heavy reduction in consequence of the contraction of 
foreign and colonial railway enterprise occasioned by the 

twar. The quantity of rails despatched from the 

nited Kingdom during the ten years ending with 1915 
inclusive was as annexed :— 


Year. Tons. Year. Tons. 

1906. 460,328 1911 375,206 
1907 429,161 1912 411,625 
1908 . 483,521 1913 508,277 
1909 . 580,215 1914 441,606 
1910 482,327 1915 242,289 


We sent New Zealand 20,491 tons of rails last year, as 
compared with 17,413 tons in 1914; but this was almost 
the only exception to general depression. The decline in 
shipments was still continuing at the end of last year, 
the exports for December having been only 9937 tons, as 
compared with 16,315 tons in December, 1914, and 40,744 
tons in December, 1913. The deliveries of British rails 
to Russia last year was 2744 tons, against 9156 tons in 
1914; to the Argentine Republic, 1081 tons, against 27,135 
tons; to South Africa, 36,342 tons, 48,275 tons ; to 
British India, 49,441 tons, against 334 tons; and to 
Australia, 67,541 tons, against 129,184 tons. The value 
ported year was 1,791,896/.; the corre- 
reo 9 value for 1914 was 2,901,057/., and for 1913 
3,457,81 





German TRADE BARRED IN AUSTRALIA.—Replying to 
@ request from a deputation for further protection for 
Australian industries, the Prime Minister of the Com- 
monwealth (Mr. Hughes) recently said that the Aus- 
tralian Government would work to increase primary and 
secondary production in Australia and to prevent German 
goods coming to Australia in the future. Mr. Hughes 
said that the Government had nailed its flag to the policy 

increased local uction and abstention from outside 
purchasing. ‘We believe,” he added, “‘that any de- 

ture from it would not only be stupid but fatal. By 
islation, administration, precept and example we are 
pared to do all we can to give effect to our policy. 
Tos must leave the details to the Government to look 
into. Mr. Tudor (the Minister of Customs) will carefully 
consider the whole question and see to what extent and 


the | bY what means this policy can be carried out eo far as it 


falls within the sphere of his oe He will then 

© & recommendation to Ca Already we have 
cut the tentacles of the German octopus in regard to the 
metal trade in Australia, and nothing but the deter- 
mination of those.men interested to make this trade 
grow again will put Germany where she was. Let it be 
plainly understood that no legislation can control a whole 
nation determined to set considerations of personal gain 
against nati prosperity and safety. Unless the people 
support the Government in such circumstances any enact- 
ment is only so much waste paper. ie sageed to the 
German trade,” Mr. Hughes concluded, ‘“‘we are pre- 
pared to do anything and everything that we can to 
prevent it from coming here, but we must have the 
support of the people. As to what will happen after the 
war no one can say. We are only a emall portion of the 
group representing the Allies, we may not dogmatjre 
now ; but if we have the power we will ike stepe to stop 
German goods from coming here after the war. In fact, 
anything more is unnecessary. I would emphasise another 
erred to by the speakers. Whatever may be the 
respective virtues of protection ree trade, we are now 
faced with circumstances which lift the issue to a higher 
plane altogether.” 
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THE BUILDING OF MERCHANT SHIPS. 


Great significance attaches to the fact that at 
present there are 264,000 tons less of merchant 
shipping in process of construction in the United 
od than was the case a year ago, while, as 

aa with normal times, the reduction is 
nearly 600,000 tons; this, too, notwithstanding 
that the output has been ateadily diminishing, and 
has for the past quarter only been about one-fifth 
of the average rate. As is well known, the ship- 
building works of the country have never been so 
fully employed as during the past year. This has 
been very largely on war work, as to which nothing 
can be said. Even a statement of the aggregate 
output cannot be given; although when this is 
sible it will be realised that never before have the 


—|shipbuilding resources of the country proved so 


advantageous in the defence of the Empire. The 
diminution of the merchant fleets of the world 
from. natural causes continues without ceasing, and 
hasbeen augmented now for eighteen mont. 18 by 
mor excessive depreciation of such vessels as are 

ed on transport duty, as well as, and to a 

1 greater extent, by direct military operations. 
We have already, in previous articles, urged the in- 
creasing importance of the consequent deficiency in 
tonnage being anticipated, and arrangements made, 
at as early a date as possible, for progress with 
ships long since commenced, but arrested, and for 
the laying down of new vessels, The date for 
such a resumption of merchant shipbuilding on a 
large scale rests largely with those responsible 
for the provision of war material. But behind this | w 
decision there are difficult problems which must 
be faced with resoluteness, and with a desire to do 
justice, particularly to those firms who have been 
exerting themselves to the greatest extent in order 


to meet the demands of the Admiralty. 

A study of the volume of work in p: —- in the 
respective districts would seem to indicate that 
where naval work is not extensively done there 
seems to be a quicker rate of change between the 
volume of work now and in recent quarterly returns. 


No doubt this is to a certain extent inevitable, but 
as there is reduced competition for merchant ton- 





nage, owing to the ¢ demand for new ships and 
the less number of builders who can cndestaie the 


‘| new work prior to the outbreak of the war. 


-| agitation, enforced the 





work, the contracts available are being booked on 
exceptionally favourable terms. Indeed, the rates 
for new merchant tonnage mee much more favour- 
able than those for. warshi mage, because -the 
latter work is placed only with co controlled establish- 
ments, where, in the first instance, care is exercised 
to see that the contract prices are not exorbitant, 


“The | 0d, in the second place, the amount of excess 


profit after the execution of the work is limited by 
the Munitions Act to a very small fraction over that 
divisible during the years preceding the outbreak 
of the war. In the few uncontrolled establish- 
ments, where such merchant work can be under- 
taken, there is added to the favourable prices the 
gain due to the fact that only one-half of the 
excess profit passes to the Treasury, in addition, of 
course (as in controlled establishments), to the 
higher rate of income-tax. Merchant work booked 
under such unequal conditions must prove more 
profitable in the immediate future, and, unless 
some action is taken, gross injustice will be done 
to shipbuilders who -have in their works, at some 
stage of construction, vessels booked prior to the 
war, on which p was stopped at the dictates 
of the Admiralty, in order to divert all the energies 
of the establishment to the meeting of the national 
emergency. There are many such cases, and it is 
obvious that even were such firms allowed to con- 
tinue the work on such vessels at an early date, 
eed loss would still be involved, in view of the 

igher cost of construction now inevitable as com- 
pared with the low contract prices prevailing for 
me 
may contend that this is but one of the exigencies 
of the situation, but this argument is untenable. 
To begin with, the full extent of the increase in 
the cost of production was not —— until 
some months after the war commenced, and conse- 
"|i we had those firms who are experienced i in war- 

ip work been permitted to continue operations on 
merchant ships already booked, these might have 
been finished at a much less cost than must now 
be the case. The national emergency demanded 
that the work should be stopped, in order that the 
men should be transferred to war material, while 
at the same time the authorities, to meet labour 
yment of war bonuses 
on war work. Thus con itrons beyond the control 
of the manufacturer were in every way adversely 
influencing cost. The effect will be felt’ by those 
builders who combine warship and merchant work 
in proportion to the amount of help they have given 
during the past eighteen months to the national 
cause ; whereas firms who have done little in the 
way of warship building will gain enormously. The 
matter is one of national importance, because it 
is urgently necessary that nothing should be left 
undone to ensure the return of a state of equili- 
brium, especially in sea transport, as soon as peace 
is achieved. 

There is further the case of orders for manufac: 
tures of all sorts, but especially for ships booked 


pos- | immediately prior to the outbreak of war, but on 


which no work was done owing to the absorption of 
men and manufacturing appliances upon war work, 
Such orders were taken on a ‘‘ declining ” market ; 
prices were comparatively low. They would, no 
doubt, have been remunerative had there been no 
war. Are shipbuilders to be held bound by these 
contracts? It is obvious that the firms were pre- 
cluded at the time from executing them owing to 
national emergency. Now economic conditions 
have forced up the cost of Ristea’«: and if 
these old contracts are to be fulfilled, great loss 
must result to the shipbuilder unless some Govern- 
ment action is taken. The Moratorium was intro- 
duced under somewhat analogous conditions, and 
— a nesenge we ben suite aay gene 
rospect of ac ving eap post-bellum 
frei, “ighta "ie not bright when it is remembered that 
ile normally the merchant work in hand is 
between 1,800-000 tons and 1,900,000 tons, to-day 
the 420 vessels on the stocks have only a collective 
of 1,363,590 tons. This is 173,000 tons 
less than at the end of last quarter, notwithstand- 
ing, as we have already pointed out, that the ton- 
nage launched d the past three months is at 
a rate of only one-fifth of the normal times. The 
total on hand, too, is 264,000 tons less than the 
tonnage twelve months ago, although the output 
during the period has been very small. It is 
further shown in Lloyd’s returns that of the various 
districts, Greenock alone shows an increase in 
merchant tonnage as compared with a year ago, 
but it is small ; the 46 vessels, of 212,954 tons, in 
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hand show an increase in tonnage of 18,849 tons 
more than in January of last year, but a decrease of 
11,860 tons as compared with September last. The 
total now is only 37,000 tons less than at the end 
of 1913. The greatest decrease, on the other hand, 
is in the Glasgow district, where so much warship 
work is done. Here the tonnage is little more 
than half what it was two years ago, while 
the drop from a year ago is more than 30 per 
cent., the 63 merchant vessels now on the stocks— 
many of them having been months there without a 
single workman being engaged upon them—repre- 
senting a total of 276,806 tons, or 121,820 tons less 
than a year ago. At Belfast also there has been a 
great diminution in merchant work, the total of 
the 23 vessels now building being 224,150 tons—a 
decrease of 104,900 tons as com with the 
same time a year age. On the North-East Coast 
the decrease has not been by any means so great. 
On the Tyne the decrease, as compared with the 
end of 1913, is 42,000 tons, and only 6680 tons less 
than » year ago. There are in course of construc- 
tion 54 vessels, of 260,546 tons. In the case of 
the Wear the drop is greater, being 68,000 tons as 
compared with two years ago, and 23,000 tons 
as compared with a year ago, the merchant 
work now on hand including 43 vessels, of 163,639 
tons. On the Tees the figures are 31,000 tons 
down as compared with two years ago, and 
11,660 tons down as compared with a year ago, 
there being 28 vessels, of 60,475 tons, in hand. 
At Hartlepool, where 11 vessels, of 60,640 tons, 
are on the stocks, there is a loss of 20,000 
tons as com with two years ago, and of 
10,970 tons as compared with a year ago. At 
Hull the conditions are nearly normal, because 
here trawlers are built, and these, as is well 
known, while intended for peace service, are 
ultimately absorbed in large numbers into the 
Fleet for mine-sweeping and other auxiliary work. 
Liverpool, like the Glasgow district, has been 
greatly influenced by the war demands. Two years 
ago the merchant work in hand exceeded 64,000 
tons, a year ago 32,600 tons, and now it is only 
24,487 tons, the latter the measurement of twelve 
vessels. It may be taken, too, that in the purely 
merchant shipbuilding districts a greater amount 
of “ee is being made with the merchant work 
on hand than is the case in districts more largely 
devoted to warship work. 





THE RADIUM-URANIUM RATIO. 

Accorp1nNé to the theory of Rutherford and Soddy, 
uranium disintegrates into radium at a regular rate, 
and the masses of radium and uranium occurring in 
primary ores should therefore bear a definite and 
constant ratio to one another. The constancy of 
this ratio was really found in pitchblende, the best 
known and most valuable uranium ore, consisting 
practically of the oxide U,O,. When afterwards 
other ores were tested, considerable discrepancies 
were discovered. Examining autunites (also known 
as chalcolite, uranium glimmer), which are a com- 
plex calcium-uranium phosphate, Ellen Gleditech 
observed, in 1909, that these minerals gave on 
average only 80 per cent. of the radium they 
should contain, and Soddy himself subsequently 
found only 44.5 per cent. of the hypothetical 
radium in one Spanish autunite. In thorianite, on 
the other hand, more radium was discovered 
corresponded to the constant Ra/U ratio. To 
account for a low tage of radium, it was 
suggested that either the minerals might be 
comparatively too young to give the full radium 
ratio of old minerals like pitchblende, or that 
some of the radium in the minerals might have 
been leached out by water. An excess of radium, 
on the other hand, might be explained by the 
pay that ionium, or seme other interme- 
diate disintegration product, had a longer period of 
decay than been su . The constancy 
of the ratio has not only scientific importance ; for 
the market value of a radium ore depends upon 
its percentage of uranium and upon the suppo- 
sition that each gramme of uranium means a 
definite, though very small, fraction of a milligramme 
of radium. Very careful determinations were, 
therefore, continued by various methods, and the 
recent investigation of Heimann and Marckwald 
give the ratio Ra/U = 3.328 x 10—". They compared 
eight samples of pitchblende from various parts of 
the world with the radium solution used by Honig- 
schmidt in his determination of the atomic weight of 
radium atthe Vienna Institute for Radium Research. 





All the ore samples used in these determinations 
had, however, been rather of small bulk, and the 
recent extensive and evidently very careful re- 
searches of 8S. ©. Lind and ©. F. Whittemore 
(U.S. Bureau of Mines, Technical Paper 88) sug- 
gest that many discrepancies disap when 
samples weighing, not a few pounds, but weigh- 
ing or representing tons, are taken, so that a 
better average is obtained. Their researches 
concern carnotite, a hydrated vanadate of uranium 
and potassium frequently occurring, disseminated 
as a yellow powder, in the sands of Colorado and 
Utah. Carnotite is at present the most important 
uranium mineral of the United States. Whilst 
Boltwood and McCoy credited carnotite with a 
normal Ra/U ratio, Gleditech found too small a 
ratio, and this was confirmed by others, the result 
being that carnotite fetched on European markets 
only 70 per cent. of its uranium value, although in 
a few instances too high radium ratios had also been 
observed ; the figures of Gleditsch ranged from 
(2.34 to 4.6) x 10-7. The carnotite on which Lind 
and Whittemore experimented contained from 1.5 
to 33.5 cent. of uranium oxide. They did not 
themselves select their samples, nor did they know 
the geological history of the ores they were dealing 
with ; but they were provided with ‘‘ pulp ” from 
car-loads (up to 25 tons) of ores, in addition to 
original samples of a few pounds weight, and they 
separately analysed and investigated twenty dif- 
ferent specimens by several methods. The first 
thing in the investigation is the chemical analysis 
and an exact determination of the uranium per- 
centage, which is difficult, since the separation of 
uranium and vanadium, especially in the presence 
of silica and alumina, not to speak of iron, copper, 
lead, &c., involves elaborate precautions. 

When the uranium percentage is known, the 
ratio Ra/U is determined by the emanation method 
—i.e., the radium emanation is liberated and quan- 
titatively estimated by the aid of an ionisation 
chamber and an electroscope. Some emanation is 
constantly being discharged by radium-bearing 
minerals ; this spontaneous discharge is of the 
nature of a gas diffusion, and depends upon the 
compactness of the mineral and the fineness of the 

wdered sample ; the loss of emanation is slow 
in compact pitchblende, which only loses from 
5 to 8 per cent. of its emanation in this way, and 
rapid in the case of the loose carnotite, whose 
‘emanating power” rises up to 50 per cent. 
according to Lind and Whittemore. Two methods 
are available for determining this loss of emanation : 
the ore is kept in a closed vessel for a month or 
more, until it has yielded its (maximum) equilibrium 
quantity of emanation ; or the emanation is initially 
reduced to zero, and subsequently allowed to accu- 
mulate for several days, the contents being then 
calculated by Kolowrat’s tables; the latter 
method was found unsatisfactory. The amount 
of emanation not spontaneously discharged is 
liberated by solution; comparative determina- 
tions can be based both on the ‘emanati 

wer”’ and on the ‘liberation by solution ;” 

ind and Whittemore find that it is preferable to 
apply both the methods, combined or separate, 
as complementary. Liberation by solution, again, 
may be effected in various ways. The mineral is 
boiled with nitric acid, or it is fused either with 
soda and potash (both as carbonates), or fused or 


than | ignited by itself without flux. In the solution method 


proper the powdered ore is charged into a bulb of 
Vv thin g (up to 1 cm. in diameter), to the 
hens neck of which a glass stem is afterwards 
fused ; the bulb is lowered into nitric acid con- 
tained in a closed flask, and the stem fused on; 
after a month the stem is broken off, so that the 
acid attacks the ore ; the acid is boiled, and the gas 
collecting above it is sucked into and through the 
ionisation chamber. In addition to this combined 
method, Lind and Whittemore also determined the 
emanating power and solution emanation separately. 
The disadvantage of the solution method is that 
any precipitate forming during solution may carry 
down and adsorb radium. Hence fusion methods 
are used. By fusing the ore with about five times 
its mass of alkali carbonates, all emanation then 
t is liberated. The solidifying mass is con- 
sidered to be free of emanation, and said not to lose 
any emanation as long as kept cold; the newly 
accumula’ emanation is afterwards released 


stronger heating of the fused mass in a Meker 

burner. This fusion method did not answer. 
Proceeding by the ignition method, the investi- 

gators charged the ore into drawn-out tubes of 





Jena glass, which were left to themselves for about 
a month ; during that time the ore lost nearly half 
of its emanation which accumulated in the tubes. 
The one end of the tube was then joined to the 
outside air, and the other to a micro-drying bulb 
(containing sulphuric acid) and to the ionisation 
chamber ; when the sealed ends of the tube had been 
broken off, air was through the tube, while 
the tube itself was heated by a Meker burner until 
the glass tube collapsed. This direct admission 
of air would not have been permissible if the ore 
had contained thorium. The solution and ignition 
methods gave very concordant results. 

The ionisation-chamber of Lind and Whittemore 
is detached from the electroscope, and is a vertical 
cylinder, within which a cylindrical electrode is sus- 
pended by a brass pin, ending above in a conical 
tip, from the sealing-wax plug filling the neck. 
The electroscope, a horizontal cylinder, fits with a 
short tubular attachment air-tight over the neck 
of the ionisation-chamber. The wire to which the 
aluminium foil of the electroscope is attached ends 
below in a spiral, which fits over the conical tip 
mentioned, so that electrical connection is estab- 
lished by fixing the electroscope over the ionisa- 
tion-chamber. As only one determination can be 
made with every ionisation-chamber in a day, it is 
advantageous to have several ionisation-chambers 
for every electroscope ; the latter is a more expen- 
sive piece of apparatus than the former. 

Working in this way and using normal pitch- 
blende as standard substance, Lind and Whittemore 
found that their average ratio Ra/U was nearly 
normal, being 101.8 instead of 100 in the case 
of pitchblende. But the values of separate deter- 
minations ranged from 72.4 up to 137.8 per cent., 
and it resulted that abnormal, too low or too 
high, values were only found in the case of small 
samples ; yet one big sample yielded 107.5 per 
cent., whilst all the other big-sample ratios fell 
within the limits 98.8 to 102.7, several samples 

iving the correct ratio 100. The investigators 
ence suggest that there had been some transposi- 
tion of the radium in situ—the ore bed ; jum 
had apparently been washed out from some speci- 
mens, and became concentrated in others, but these 
local differences had been equalised in the large 
samples. Not having themselves selected their 
specimen, as we mentioned already, the investi- 
owe do not press this argument. But it sounds 
easible, especially as most carnotite occurs in arid 
regions in which rain is rare. The radium per- 
centage can, of course, be estimated directly with- 
out determining the uranium contents. Roughly, 
one may say that 3,000,000 parts of uranium ought 
to yield 1 part of radium. 





PETROLEUM-CRACKING IN THE 
VAPOUR PHASE. 

WE have recently noticed several researches on 
oil-cracking, designed to increase the proportion of 
light hydrocarbons such as petrol and gasolene, 
carried out in big oil works on a fairly large scale. 
The researches to which we wish to draw atten- 
tion to-day are of the laboratory type. But 
they are being conducted on behalf of the Petro- 
leum Division of the United States Bureau of 
Mines at Pittsburg, in the Chemical Laboratory 
of Columbia University, New York, and they have 
an interest of their own, inasmuch as it is not the 
oils which are, at Pittsburg, submitted to various 
temperatures and pressures, but their vapours ; 
then the characteristic differences between dif- 
ferent petroleums, we are assured, tend to vanish, 
although the very high temperatures and pressures 
of other processes are not required. Both these 

ints would be of considerable importance. The 
eading idea, of making the vapours react, instead 
of the liquid and vapours, is not new ; but we are 
not aware of its having been practically applied to 
oils. The idea has its limitations, of course ; for 
a volatilisation, necessarily limited, has to precede 
the cracking. It also has obvious advantages, 
however. In ordinary heating of water and steam, 
e.y., we have to deal with a two-phase system, 
in which temperature and pressure are mutually 
functions of one another; when we have one 
phase only, and temperature may sepa- 
rately be controlled. When in a two-phase system 


by|one variable is kept constant, one phase will 


vanish ; when we attempt to heat water at con- 
stant atmospheric pressure above 100 deg. Cent., 
the liquid will a. all the water being con- 
verted into steam. e case of the very complex 
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mixture of compounds yee mee is not so 
simple, of course. Yet the analogy holds. When 
it is desired to heat, for cracking ay an oil, 
the large bulk of which boils below 300 deg., to 
850 deg., apparatus capable of resisting enormous 
pressures are required to retain the liquid phase, 
and those inconvenient pressures would otherwise 
be undesirable. It would, on the other hand, not 
be diificult to pass the vapours through a tube 
heated to 850 deg., and to keep the  wongugg atany 
desired height, even below 1 atmosphere. 

The researches in question are in charge of 
Messrs. W. F. Rittman, Egloff, Towney, and 
M. C. Whitaker, and an account of the moat 
recent experiments on vapour-cracking is given in 
the Journal of Industrial and Chemical Engineering 
of November, 1915. For a description of the 
apparatus used and for other points the reader 
will have to refer back to pages 383 and 472 
of that journal of 1914. The apparatus consists 
of the following essential parts: oil - feed cup, 
vaporiser, furnace, Liebig condenser, first re- 
ceiver, vacuum-pump (or pressure-valve), second 
receiver, and gas-holder. The furnace is a ver- 
tical tube of iron, j-in. bore, wound outside 
over a length of 18 in. with five layers of in- 
chrome wire and asbestos. In the upper portion 
of the furnace, outeide the wound portion, a 
number of steel balls rest on a perforated steel 

late ; the oil dripping from the cup wets these 
balls and is vaporised; the vaporiser therefore 
forms part of the furnace tube. Pressures ranging 
from ;'5 to 30 atmospheres and temperatures up to 
850 deg. Cent. were maintained in the furnace 
proper. About 500 grammes (1 lb.) of oil were 
passed through the vaporiser and furnace in each 
run. The quantities of oil recondensed (by re- 
covery) and of gas liberated and carbon remaining 
in the tube were determined in each run; then 
followed further distillation and further examina- 
tion of density, refractive index, viscosity by 
Engler viscosimeter, and also chemical analysis of 
the recovered oil and gases. Four kinds of oil 
were submitted to this treatment, oils from Penn- 
sylvania, Oklahoma, California and Mexico. 

The account states that not more than a minimum 
of attention was given to quantitative relations 
between the gaseous products. This statement 
must not be taken too literally. It means that the 
apparatus, and also the methods applied so far, did 
not admit of more than rough quantitative esti- 
mates. When one knows what products one has 
to expect, viscosity, refractive index, and specific 
gravity, tell a good deal; such measurements, 
confirmed by occasional analyses, were therefore 
largely relied upon. 

e first factor of the results to be considered— 
the carbon formation—did not agree with the 
general conclusion above indicated, that the origin 
and peculiarities of the natural oil counted little in 
this cracking process; nor was it expected to 
agree. Carbon is a residual product, and the 
coking or carbon formation depends to a great 
extent on the nature and mass of the molecules. 
The Pennsylvania oil was a kerosene of pure 
ee character, of which 90 per cent. distilled 

low 250 deg. The Oklahoma oil was a fuel oil, 
of mixed paraffin and asphaltic base, of which onl 
22 per cent. came over below 300 deg. The still 
heavier and more asphaltic California (Kern River) 
oil gave 17 per cent. of distillate below 300 deg., 
the lighter enten oil yielded 37 per cent. of 
distillate under the same conditions ; but the coke 
retained much heavy tarry matter. The bulks of 
the coke deposits obtained were in the order stated. 

In other respects the conditions of the treatment 
proved of more importance than the physical or 
chemical properties of the original oil. is holds 
for the percentage of oil recovered ; the percent- 

es were greater when working with a vacuum 
than at atmospheric pressure, and became irre- 
gular at higher pressures. The irregularity is 
partly explained by the difficulties of the determi- 
nations ; in the case of the Mexican oil, e.g., the 
coke retained much oil. Commercially, as well as 
scientifically, much more important is the fact that 
the gain of gasoline was practically of the same 
order for all the petroleums, given equal tempera- 
ture and pressure conditions. By gasoline is 
understood any oe present distilling 
below 150 deg. e formation of these hydro- 
carbons increased as the pressure increased to about 
24 atmospheres, and increased also with rising 
temperature, but had a maximum at 500 deg. or 
600 deg.; this maximum was about 16 per cent.— 





i.e.. 16 per cent. more of gasoline was found 
in the cracked oil than had been obtained by 
distillation of the original oil. Similarly, the 
production of aromatic hydrocarbons increased as 
the temperature was raised to about 600 deg.; 
moderate pressures, 12 to 18 atmospheres, seemed 
to be best in this case. The yields of aromatic 
ee toluene, &c., rose ra Ba 
per cent. ese percentages were probably 
smaller than they wuae have been with more 
perfect analytical methods. But we must repeat 
that, in the case of the aromatic hydrocarbons, the 
density test was mainly resorted to. The specific 
gravities of the ffin and olefin hydrocarbons, 
with six and eight carbon atoms, range from 7.0 
to 7.2, about, whilst benzene has a density of 0.88, 
and toluene of 0.87. The densities differ hence 
sufficiently for rough estimates. From what we 
have said, however, it will be seen that the favour- 
able temperature and pressure conditions for good 
yields of both gasoline and aromatic hydrocarbons 
were fairly the same, and it is not clear, from the 
experiments so far published, how the process 
should be conducted so as to give preferentially 
the one or the other kind of products. 





RUSSIA AS A MARKET FOR 
ENGINEERS. 

A survey of the Russian imports during the year 
1913 shows not only how vast they are but also 
the dominant position Germany holds in almost 
every section. For instance, in the section com- 
prising metals and products within the metal indus- 
tries, the following table shows the aggregate 
imports into Russia during the year in question 
and the share which Germany had of them. 





Aggregate From 
Im Germany. 
Roubles. Roubles. 
Metals: raw and half-finished 
of — ng ... 56,377,822 30,280,845 
per alloys, manu- 
factured .... on ... 10,384,245 9,131,874 
Cast iron, manufactured ... 340, 3,226,451 
Iron and steel, manufactured 
(pipes, anchors, nails, &c.) 20,641,901 16,339,760 
Tinned and enamelled goods 5,855,016 5,152,417 
Iron wire, a ... 2,281,129 1,448,856 
Cables, &c. ... we ... 4,836,275 4,063,417 
Needles, guns, &c. ... ... 13,767,425 9,414,947 
Machines, unenumerated, 
of iron and steel ... ... 936,498,361 28,400,098 
Gas and oil-motors ... . 10,390,131 5,716,678 
Steam-engines on ... 6,894,885 2,966,945 
Pumps—-hand fire-engines... 7,696,127 6,733,853 
Sewing-machines ... .-. 9,941,019 5,296,690 
Metal-working machines ... 12,787,605 10,658,126 
Electrical macaines... ... 9,724,948 8,605,365 
icultural implements ... 24,789,720 9,924,716 
hine parts of cast iron, 
iron and steel... ... 15,796,213 11,653,331 
Instruments, optical, &c. ... 5,169,167 4,419,426 
Electrical switches, &. ... 6,808,319 6,206,244 
am meters... .. 1,492,645 1,455,910 
Incandescent metal - wire 
ps : ..- 4,431,437 3,847,769 
Cycles ... a fi 1,884,541 1,603, 
Parts of carriages, &c. ... 2,136,022 1,558, 984 
Automobiles for four or more 
rs fad . 14,759,379 11,778,865 
Geel anteandtion, &e. 1,453,586 1,162,635 
Aggregate ... ... 352,669,000 235,930,000 


Taking the aggregate of the ten different sections, 
Germany figures with a total of 652,209,000 
roubles, out of total imports amounting to 
1,374,032,000 roubles, of which 173,012,000 roubles 
come from England and 79,092,000 roubles from 
America. Since 1903 the Russian imports have 
increased 102 per cent.—from 681,670, roubles 
to the above figures—whilst the share falling to 
Germany has increased 169 per cent., that of 
England 53 per cent., and that of America 25 4 
cent.; Sweden’s export to Russia has increased 257 
per cent. (in 1913, 16,926,000 roubles), and Den- 
mark’s 121 per cent. (in 1913, 12,867,000 roubles). 
It should Pa be mentioned that in the section for 
chemical industry Germany figured with 40,008,421 
roubles, or 66 per cent. of the te. The 
above figures have been extracted from the official 
Russian statistics and published in a Danish journal. 

Denmark, like most other countries, is thinking 
seriously of working up an increased Russian trade ; 
and an expert committee, representing the Danish 
iron industry, has paid a visit to Russia and has 
published a report on the result of ite investigations, 
a report which has attracted some attention outside 





Denmark. Although the war, and the difficulties 
it has placed in the way of forwarding goods to 


Russia, of a necessity have a very serious effect 
upon trade, and no one under the present circum- 
stances is thinking of buying to stock, yet there is 
a vast amount of trade to be done. This comprises 
not only machinery, &c., for military purposes, but 
also such articles as motors, refrigerating plant, 
mills, agricultural machinery and implements, and 
power-engines for industrial installations already 
commenced, especially in the textile industry. 
The report emphasises the fact that foreign industry 
will have great chances in Russia, and that now is 
the time to do the spade work, in order to get the 
desired footing in the Russian market. 

There is an almost unlimited demand in Russia 
for re all ee ge ying iron industry, and 

ie seem agreed that for a very long series 
yam Russia will be unable herself to enver her 
requirements, and will have to import a great quan- 
tity of goods from abroad. The conditions, how- 
ever, vary much, both as regards the different 
classes of and the different of the vast 
empire. enerally, it may be said that the finer a 
machine is, and the more difficult it is to a. 
the greater the chance of importing it with advan- 
tage on to the Russian market. On account of the 
duty, heavy and more simple articles are more 
likely to prove unremunerative, and for some, 
especially such as are also produced within the 
country, the duty is simply prohibitive, reaching, 
or even exceeding, the aie rice within Russia 
of the article in question. Further, it mey be 
stated that, generally speaking, competition is 
keener in the Western vernments, which are 
nearer Germany, whilst the chances improve the 
further East one gets. The report d with a 
number of different articles 

As regards cast-iron articles for building pur- 

this is a class of goods for which a market 
can only be obtained in the case of special articles, 
as ordinary cast goods are manufactured within the 
country and at cheap prices. Heating elements 
for central heating installations are also made in 
Russia, and the duty will, no doubt, make it im- 
possible for foreign makers to compete, unless the 
elements can be supplied in types principally made 
of rough, not worked, castings, for which the duty 
is materially lower. There are many Russian firms, 
‘wed branches of German concerns, which make 
eating — and this industry, no doubt, has 
a great future, as it is only in its infancy, and all 
large new buildings now have central heating instal- 
lations. 

Agricultural machines are principally imported 
from the United States, from Germany, and from 
Sweden, while there are several factories in Russia. 
There may, however, be chances of importing small 
types, as the American factories have made a 
speciality of large types. As regards agricultural 
ey hoes, forks, axes, &c., they are gene- 

y imported without handles ; large quantities 
of these articles are made in Russia, but there is 
also a considerable import, principally from Sweden 
and Finland. 

Internal-combustion motors are certain of a large 
——_ —_ ampgrne Fogg using Russian un- 
refined petroleum, especially in places such as 
Moscow, Rostoff, Odessa, Refi, &c., in spite of 
there being several Russian factories in this branch. 
German, Swedish, and Swies motors are being used 
in Russia. 

For wood-working machines there are several 
manufactories in the country ; still the import is 
considerable. Machine-tools are for the present 
in strong demand, and will no doubt also meet 
with a large sale after the war. German makes 
have a strong hold on the market, and it remains 
to be seen how they will fare after the war. 

Electrical apparatus and appliances have hitherto 
been almost exclusively imported from Germany. 
The articles under this head are generally imported 
in unassembled parts, on account of the duty. 
No doubt other countries will exert themselves 
to secure part of this trade, and a well-known 
Scandinavian factory in this branch has just had a 
~~ Russian catalogue printed 

dynamos and electric motors several German 

and Swedish factories have imported a fair number, 
but large quantities are made at the Russian manu- 
factories, which have been very fully employed 
during the war. Light motors run at high speeds 
= a —- meet with the readiest sale. 
elephones an — material are imported 
on a large scale; the Bredish firms aes 
enjoy a standing, and are very liberal in the 
matter of giving credit. It should also be remem- 
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bered that there are some large Swedish telephone 
exchanges in ia. 

Ships’ fittings may find a market with the Russian 
shipyards, especially at Petrograd and on the Black 
Sea. It should, however, be borne in mind that the 
Russian shipbuilding industry is on an extremely 
limited e, considering the vastness of the 
country. 

The Russians, as already mentioned, much 
prefer, and are also accustomed to have, prices 
quoted delivered in Russia, duty paid. In the 
case of more important machinery, purchases may 
be made f.o.b, shipping port, and during the war 
this system has had to be more generally adopted. 
It is quite customary, also, in dealing with very 
substantial firms, for a credit of six months, 
twelve months, or even more, to be allowed. 
Even the Zemstvo ye ee want three to six 
months’ credit. The Russian wholesale merchants 
and large commercial houses give very long credit, 
two years or more. Not infrequently, however, 
payment of one-third of the amount may be obtained 
on delivery, and as a rule acceptances may be had 
for the balance of the invoice. When it is a case 
of agricultural machinery the due dates of such 
bills are often arranged to fall due immediately 
after the harvest. During years with unfavourable 
harvests the seller must be pre to prolong 
such bills for another twelve months. The question 
of credit, on the face of it, calls for a fair amount 
of caution, although firms dealing with dairy appli- 
ances and agricultural machinery have stated that 
their losses only averaged } to 1 per cent.; but 
in any case never exceeded 2 per cent. i 
caution is recommended in dealing with firms 
the owners of which are not Russians, particularly 
in the southern districts of the country. 
the other hand, the Government Zemstvos can be 
safely granted a fairly extensive credit. With 
regard to the latter the report in question states 
that the peasants of a district combine in a Zemst- 
vos (an agricultural society), and the Zemstvos 
within a government are managed by the Govern- 
ment Zemstvos, which acts as buyer of agricultural 
machinery towards the manufacturer, and as vendor 
of machines to the local Zemstvos, which again dis- 
tribute the machines or implements to the dif- 
ferent members, who only pay by small instalments. 
The Government Zemstvos will, as a rule, prefer 
to buy the machines direct from the manufacturer 
without any middlemen. It is recommended, at 
intervals, to forward trade literature, catalogues, 
&c., in the Russian language to the Government 
Zemstvos, and in these catalogues ask for an 
answer in the French or English language if pos- 
sible. That the Germans have been able to grant 
such extensive credits is attributed to a 
tion with the German - Russian banks. th 
Englishmen, Americans, and Swedes are now about 
to grant longer credits than hitherto allowed. In 
the matter of large plants and installations a more 
prompt payment may be obtained ; but manufac- 
turers are advised not to press substantial firms too 
much for quick payment. 

Russia, like the other great Powers, is unquestion- 
ably most desirous of encouraging and developing 
her home industries, and Been interesting evolu- 
tions are sure to be witn in this direction, 
both industrially and financially (the foreign ele- 
ment being much to the ‘fore in Russia in both 
respects). But, on the other haad, there is such a 
tremendous scope in Russia, such vast, possibilities, 
that the industries of foreign countries will also 
have every chance of securing a handsome share in 
supplying the needs of the vast population of 
our Ally. 





NOTES. 
Brivers over Raitways. 

A point of considerable importance to railway 
companies was di in a case which is reported 
in last week’s number of ‘the Law Times Reports. 
The question was simply this: When a railway 
company, in the performance of a statutory duty, 
lias erected a bridge to a road over its line, 
to what standard must that bridge be maintained / 
It is —_- a ao — erected fifty 
years ago, which might have am ene 
enough to bear the country carts and Rane 0 
the neighbourhood, would soon succumb to the 
motor -lorries and traction-engines of modern 
times. The facts were very simple. Under 
an Act passed in 1862 a railway company was 
empowered to construct a railway which now 
forms part of the Great Northern system. At 





Crouch End a bri carrying a public highway 
was built over the line. A contemporary official 
report spoke of the bridge as ‘‘ having cast-iron 
i ” and of its ‘‘ being substantially built.” 
A little later some mains of the New River Com- 
mg: were carried over the bridge, and additions 
to the thickness of the substance of the roadway 
have further added to the dead-weight. The 
Attorney-General, on the relation of Messrs. Pick- 
ford, now sought a declaration to the effect that the 
railway company were liable so to improve and 
strengthen the ale as that it may be sufficient 
to carry all the traffic that may be reasonably 
expected to come upon it at the present day. 
The Court of Appeal have refused to make any 
such declaration. They relied on a previous 
case relating to a bridge over a canal, where 
one member of the House of Lords said that 
the obligation was to ‘‘ maintain in its then 
condition.” He went on :—‘ There is, 1 think, 
no principle of construction by which an obligation 
to maintain, support, and repair a particular fabric 
can be enlarged into an obligation to reconstruct or 
rebuild the fabric in such a way that it is materially 
different in strength, size, or otherwise from the 
particular fabric the subject of the obligation.” In 
the result, therefore, the railway company was 
relieved from a heavy burden. The law being as 
stated, curious results may follow in other parts of 
the country where railways are under similar 
liabilities. A highway might be improved out of 
all recognition, and rendered capable of bearing 
the very heaviest of motor-lorries ; yet traffic along 


Special | it might be interrupted by a wretched little bridge 


wholly incapable of bearing anything more for- 
midable than the carts of fifty years ago. Of 
course, the county council, as highway authority, 
might in such a case intervene and strengthen the 
bridge, but the result would be that the railway 
company, glad to be relieved of a somewhat 
onerous burden, would confer upon the local autho- 
rity the privilege of maintaining and repairing the 
bridge from that time forward. 
PaTENTs AND THE Wak. 

In normal years patent applications are made 
with great regularity throughout the whole year, as 
shown in the curve for 1913. This occurred also 
in 1914 up till the end of July. A rapid change 
then took place, extending practically over the 
next two months, after which the relation between 
time and applications again followed substantiall, 
a straight-line law. During 1915, although the 
total number of applications was considerably less 
than in 1913 or 1914—the exact numbers ete 
30,102 in 1913, 24,847 in 1914, and 18,225 in 





1915—the curve is a very close approximation to a 
straight line. This is surprising, having regard to 
the industrial fluctuations and the changes made 
by various proclamations relating to patents which 
have been issued during the year. Thus, on 
oaney 7, 1915, the provisions of the lama- 
tions of September, October and November, 1914, 
were extended; on February 16 the “ trading 
with the enemy” proclamation was made to cover 
territory in hostile occupation; on June 25 
transactions with China, Siam, Persia, and Morocco 
were limited ; on September 14 trading with com- 
panies in enemy or hostile occupied countries was 





forbidden ; on Uctober 16 Bulgaria was included in 
the enemy countries; on November 10 i 
with Liberia or Po ese East Africa was 
restricted ; and on December 7 the whole position 
was revised. Again, the subjects for which patent 
applications have been made varied considerably. 
us, comparing quarters in 1913 and 1915, we 
find the following in a few examples :— 
es - 


Aerial warfare a aii wk 

Ammunition ioe i we 23 111 
Chemical and apparatus 62 25 
Coin-f ~ ocd ole 42 23 
Furnaces and kilns ... im A 112 50 
Tnternal-combustion engines... 191 77 
Machine guns act at ss 1 13 
Road vehicles Ys ei pe 123 59 
Smallarms ... a ‘aie a 39 106 
Torpedoes and mines 18 38 


Further, the number of applications made under 
the International Convention—that is, applications 
based on foreign patents—has very materially 
changed, as might be expected; thus, taking at 
random a certain week in 1913, the Official Journal 
of Patents gives the number of applications open to 
inspection under the International Convention as 
69, whereas in the corresponding week of last year 
the number was 15. 


Carson-Dioxipge Giow-DiscHarcEe Lamps, 

Our readers will remember that the courtyard of 
the Savoy Hotel, in London, was illuminated some 
years ago by Moore tubes, glass tubes, many feet 
in length, charged with nitrogen under low pres- 
sure, through which the alternating discharge was 
passed from cylindrical electrodes fixed at both 
ends of the tube. Subsequently Georges Claude, 
of Paris, charged the tubes with neon—the rare 
which he prepares by his own process on a 

e scale. These neon lamps had an orange-red 
glow instead of the — glow of the nitrogen lamps, 
which was very effective for illuminating monu- 
ments and for advertisement pur . Ata 
joint meeting of the American Electrochemical 
Society and the Illuminating Engineering Society, 
held at New York, in November Tact, D. McFarlan 
Moore showed a lamp charged with carbon 
dioxide gas at low pressure. The mechanism of 
these lamps was stated to be simpler than that of 
the former Moore lamps, and the light was 
described as being white, like sunlight, so that 
the matching of colours could be carried out in 


Y| this illumination as well as in daylight. This is 


an important point, which, it is said, had duly been 
tested by spectroscopic examination. The simpliti- 
cation of the construction concerns the following 
point. The old lamps had to be fed with gas or 
the gas to be —— through an automatic 
electromagnetic valve to make up for the gas lost 
by the absorption of nitrogen by the electrodes or 
volatilised electrode deposits on walls of the tube. 
In the case of neon, such a constant replenish- 
ing of the gas would be very difficult; by keep- 
ing the electrodes cool, this difficulty could be 
obviated ; but neon is a noble gas—i.e., it refuses 
to associate with other gases, in whose presence 
the glow is apt to vanish altogether, so that the 
gas to be kept very pure [com ENGINEER- 
ING, vol. xev., page 764, June 6, 1913]. On the 
other hand, neon requires only one-third of the 
watts that nitrogen absorbs for giving the same 
candle-power ; but the reddish glow is certainly 
— By combining mercury and neon tubes, 

laude succeeded in producing a kind of white 
light, as we mentioned. In the new CO, lamp 
the gas is generated as it is used, in the lamp tube 
itself. Near each electrode is placed a small bulb, 
about an inch long, containing calcium carbonate ; 
resistance wires, in shunt to the lamp circuit, are 
embedded in the carbonate, and the Be liberates 
CO,, the process being so regulated that the gas 
campo is kept at @.001 in. of mercury. At this 
ow pressure the discharge is very steady, even with 
fluctuating volts, and a tube 1 ft. long and { in. in 
diameter was said to give more than 200 candles. 
The lamp looked like a solid bar of white light. 
It was fitted with a slotted sheet-metal case, pro- 
vided with a screw in the middle of the case, the 
screw fitting into a lamp socket. The white colour 
of the light would strongly recommend this lamp, 
provided it can be worked economically. 





PUMPING MACHINERY. 
Some highly interesting figures, showing the 
reduction in the costs of pumping by steam-power 
since the days of Newcomen, were set forth in the 
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LIST OF PUMPS INSTALLED BY THE RAND WATER BOARD FROM 1907 TO DATE. 
| | } 
| | Specirmp Erri- 
ad 2 ‘Number| Head Gallons | cumNcY. ee Teer, Cost of | Pump “pau 
|. @ n | r How Driven. Maker of Pump. SS senna | Horse. | 
Position. Erection. Description. | stages. | Feet | Minute. oe Com- | | pump! Com-| Pump. | Power. | proree: 
| |Motor Pump) bined. Motor |Pump bined! Power. 
} ae ee, SM We le. een a | | 
ipo. | pe. c. | pe. | e|pea| 2a | £ 
Secttititinn | | > P. pc. | Pp Pp. P. 
Pump No.4. .. --| 1907 | Inverted vertical 900 | 1389 | Steam Hathorn, Davy and Co. | 11.5 lb. steam per 11.220 Ib. steam per| 10,179 0| 380 26.786 
marine type | P.H.P. hour | P.H.P. hour 
Pump No. 5 1907 | Ditto _- 900 «=: 1889 Ditto Ditto Ditto <- a per, 10,179 0 380 | 26.786 
.H.P. bour 
Pump No, 2 1908 Ditto _ 900 §=61389 Ditto Ditto Ditto = hy per) 10,179 0 380 26,786 
| | .H.P. hour 
Pump No. 3 1908 Ditto _ 900 «=—:1889 Ditto Ditto Ditto ees ye per 10,179 0 380 26.786 
| .H.P. hour | 
Zuurbekom— | ¢ Pumps and } 
Pump No. 1 -| 1012 Centrifugal 3 700 | 1736 | Electrically, 3-phase Weise and Monski 93.0 75.2 | 69.9 | ( motors || — 1,235 0 368 3.356 
Pump No. 2 . 1912 Ditto 3 700 1736 Ditto | Ditto 93.0 75.2 | 69.9 tested at) |— 1,235 0 868 3.356 
Pump No. 3 --| 1912 Ditto 4 1150 1736 | Ditto Ditto | 98.56 75.2 | 70.3 makers by | — 1,612 10 605 2.665 
Pump No. 4 ° -| 1912 Ditto 4 1150 («1736 _—| Ditto Rees Roturbo 938.5 76.0 71.1 Board’sIn- | — 1,615 0 605 2.669 
| spector : 
Springs— } | 
Pump No. 1 -| 1912 Three-Throw _- 600 521 Ditto Ernest Scott & Mountain 89.0 85.4 | 76.0 76.5 1,862 0 96 14.282 
Pump No. 2 1912 Ditto - 600 621 Ditto Ditto 89.0 86.4 | 76.0 Ditto | 76. 1,852 0 95 14.232 
Pump No, 3 --| 1912 Ditto _ 600 621 Ditto Ditto 89.0 85.4 | 760 76.0 1,862 0 96 14.232 
Pump No. 4 --|Feb., 1912, Centrifugal 5 600 521 Ditto | Pulsometer Pump Co. =—- Bei — -- 3440 95 3.621 
Village Main Reef] | | | 
Station— | : } 
Triple expan- H. lift | 300 1466 | Steam | Worthington Pump Co. | 12.2 1b. steam per 13.586 Ib. steam per 7,588 0 216 635.3 
Pump 4.. | 190s |{ TP L. life | 90 2883 Ditto | Ditto P.H.P. hour HP. hour a mag ed 
-H } itto Ul tto 12.912 Ib. steam per 7, 38 
Seeger 4 oS Duplex (\ L litt | 80 2833 | Ditto Ditto H.P. hour 
Village Main Reef|Nov., 1912 Centrifugal 1 300 =. 20838 Steam-Turbine Rees Roturbo — | 78.0 | 69.0 \¢- 2,680 0 189 14.180* 
ion | 
End- street, Johannes: June, 1913 Ditto 2 | 267 2083 | Electrically, 2-phase | Sulzer 92.5 | 75.4 | 69.75 |Pumpeand))_ | 72010 168 | 4.289 
urg | 
Zuurbekom— ; | — . 
Shaft No. 4 ..|Dec., 1914 Ditto 1 225 1562 = 3-phase Mather and Platt 91.0 | 76.0 | 68.25 | Re | |— | 1180 0, 106 | 10,660 
Vertical spindle } | I bd } 
Shaft No. 6 ++] 9 1914 Ditto ” .. 155 3472 Ditto Sulzer 93.0 | 76.0 |70.68 nepector)|___ | 138010 | 165 | 8.2454 
ingle | 
| | 








* Steam consumption 


late Mr. W. B. Bryan’s Thomas Hawksley lec- 
ture. A pumping-engine erected at Philadelphia 
in 1801 had, it was stated, a coal consumption of 
about 21 lb. per pump-horse-power hour. This 
was superseded in 1815 by an engine built by 
Boulton and Watt, which consumed about 10} lb. 
of coal per pump-horse-power hour. This figure 
was, of course, still extremely high, and was greatly 
reduced by the introduction of the Cornish engine. 
Indeed, an engine of this type, erected at Fowey 
in 1845, was claimed to yield 1 pump horse-power 
for 1.45 lb. of coal, but this figure can healt be 
accepted. Nevertheless, the Cornish cycle was 
undoubtedly a very efficient one, and further ad- 
vances in fuel economy have only been effected 
slowly and with much effort. 

Some interesting data as to figures recorded 
with modern plants are to be found in the presiden- 
tial address to the South African Association of 
Engineers, delivered in July last by Mr. W. 
Ingham, the Chief Engineer to the Rand Water 
Board. These figures are the more valuable in 
that they are in many cases accompanied by - 
ticulars as to the cost of installation, ‘which 
in some cases has been so high that Mr. Ingham 
questions whether the saving in fuel costs has not 
been purchased too dearly. The best result yet 
recorded was obtained in the official trials of the 
triple - expansion three-throw pumping - engines 
erected at the Zwartkopjes station of the Rand 
Water Board by Messrs. Hathorn, Davey and Co., 
of The engine had the advantage, which is 
great in the case of a reciprocating engine, of work- 
ing against the high head of 960 ft., and the maxi- 
mum output against this head was 100,000 gallons 
per hour. The initial steam pressure was 180 lb. 
od sq. in., and the superheat was 120 deg. Fahr. 

he consumption was only 10.78 lb. of steam per 
pump horse-power per hour, the mechanical effi- 
ciency of the plant being 93.14 per cent. The cost 
of the installation, including buildings, was, how- 
ever, 95.91. per pump horse-power installed. Com- 
ey figures for other pumping plants erected 

y the Board are given in the table above. 

The costs given in the above table, it should be 
borne in mind, do not include the complete costs, 
since the panera plants occupy so much more 
8 and require such substantial foundations that 
the relative value of the centrifugal system is sub- 
stantially augmented, and, in fact, Mr. Ingham 
expresses the view that steam-turbines coupled to 
centrifugal pumps will ultimately drive the re- 
ciprocating pump out of the market for surface 
pumping. As showing the saving in space and 
cost effected by the adoption of the centrifugal 
pump, Mr. Ingham compares the electrically-driven 
plants at the Springs pumping-station. At this 
station there are three sets of three-throw recipro- 
cating pumps and one contrifagal pumping plant, 








. 19.55 lb. per pump-horse-power hour. 


all working under identical conditions. The first 
cost of the three-throw pumps per horse-power was 
four times that of the centrifugal. In addition, 
the building to accommodate the three reciprocating 
sets had a capacity of 30,240 cub. ft. and a floor 
area of 1890 sq. ft. The equivalent figures for 
centrifugal sets are 11,760 cub. ft. and 735 sq. ft. 
respectively. The combined efficiency of the re- 


ciprocating sets was 76 per cent., and that of the 
conteliona, 69 per cent. 


Possible competitors with the turbine-driven 
centrifugal are the Diesel engine and the Hum- 
e* pump. The former is very efficient, and 

r. Ingham states that at the Whitton pumping- 
station, Ipswich, the cost (fuel only) .of raisin 
water by Diesel-driven centrifugals is 4d. per 1 
gallons lifted 100 ft., with crude oil at 31. 13s. per 
ton. This plant superseded a steam-driven station, 
at which, with coal at 2ls. per ton, the cost of 
——— per million gallons was 34s.; with the 

iesel this figure was reduced to 25s. The initial 
cost of the Diesel station was about 331. per brake 
horse-power installed. The Humphrey pump holds 
the record for pumping costs where the lift is low, 
and Mr. Ingham states that he understands that a 
high-lift pattern will soon be available. 
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y. By the late Sir W. H. Prexog, K. 


T C.B., 
M.A., K.C.M.G. 


F.R.S., and Sir J. Sivewrteut, 
Revised and partly re-written by W. LuEweLLYN 
Preece, M. =. C.E. New Edition. Longmans, 
Green and Co. [Price 7s. 6d. net.) 


Tus work, which, on its first appearance in 1876, 
might have been regarded as an authoritative de- 
scription of the methods employed in the British 
Post Office, has undergone so many changes that 
its present form constitutes eS new 
treatise. Additions and omissions have both con- 
tributed to this result. Research in the laboratory 
has suggested new lines for commercial develop- 
ment, and the small beginnings of what were 
destined to be giant growths ould be conveniently 
included in successive editions ; but as ingenuity 
and experience extended these new branches, the 
book grew to an unwieldy length in trying to do 
justice to these advances, and late developments 
had to find a more convenient home elsewhere. 
In this edition the division of submarine tele- 
graphy has had to be dropped. Mr. Llewellyn 
reece, who is responsible for this revision, justi- 
fies this elimination on the ground that submarine 
telegraphy has separated itself from telegraphic 
engineering. Those who are engaged in land tele- 
phy are entirely divorced from the submarine 
ranch, and need quite other instruction. 
and coast cables, forming, as they may do, necessary 





River | and th 





+ Two single stages, arranged im parallel. 


links in land lines, are alone treated. On the 
other hand, new chapters have been added on 
Secondary Batteries, on the Baudot System, now 
attracting much attention, and on Comparative 
Results obtainable with various high-speed tele- 
graph systems. Other sections which will soon 

ve to disappear are those on Telephony and 
Wireless Telegraphy. They fall below the level 
attained in other directions. The complications 
introduced into large telephone exchanges, or, 
rather, the devices necessary to avoid complica- 
tions, cannot be adequately dealt with in the small 
~ allotted to this section, while the expansions 
of the systems of wireless methods demand that 
more comprehensive treatment that is only pos- 
sible in technical treatises solely devoted to this 
subject. The author aims at providing real and 
practical assistance within definite limite. This is 
not an academical treatise ; it enters into minute 
details in some directions, and gives sufficient in- 
formation for those who have to construct tele- 
graphic apparatus for small centres or sparsely- 
populated countries. 

t is well that this practical scope should be 
understood. There is a distinct a of demarca- 
tion separating the physicist from the engineer. 
The ou a e ceaseat te to discover new outlets 
for mechanical science ; it is the duty of the latter 
to apply’ the new facts and new truths to the 
service of mankind. The function of the one is 
research, of the other utility. It is entirely to the 
engineer that this book is addressed e elec- 
trical ineer has not to seek out his facts for 
himself. By the method in which modern science 
is pursued, and the growth of technical education, 
he can enter into other men’s labours, and turn 
them to profitable account with the least expendi- 
ture of energy. For him are necessary close ob- 
servation and careful attention to the requirements 
of the working. The exercise of these qualities is 
everywhere insisted upon, and nowhere more par- 
ticularly than in the chapters relating to con- 
struction. The instruments for testing, and the 
methods of locating faults, are again matters of 
high practical importance that an engineer working 
in some distant colony, with little expert assist- 
ance, would highly appreciate. 

With regard to the new matter introduced into 
this volume, the more interesting relates to the 
description of the Baudot system—a multiplex 
system of transmitting si designed to secure 

@ more economic working of the line. In this 
system the Morse alphabet is discarded, and each 
letter is represented by five current impulses, some 
of which are positive and some negative. The 
mechanical arrangements of both the transmitting 
and receiving apparatus are necessarily complicated, 
diagrams need to be followed with some 
patience. The instrument has the advantage of 
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automatically recording the m in Roman 
characters on a flowing tape. To obtain the full 
efficiency of the method the number of operators 
required is , and therefore the working is 
costly. The normal speed of working is thirty 
words F ey minute per operator. A line over 
which the Baudot sextuple duplex is worked can 
transmit 360 words a minute, seer a staff of 
twelve operators. But no perforated slip is needed 
at the transmitting end, as in some of the so-called 
automatic systems. 

The necessity of employing many operators 
naturally raises the question of the most economic 
system in use, and the most judicious selection of 
apparatus to meet actual and ive traffic. 
Six systems of telegraphy are described here, the 
six that are held in the highest esteem in this 
country. These are the Duplex, the Quadruplex, 
the Baudot, the Wheatstone automatic, the Gell- 
Wheatstone, and the Creed-Wheatetone, the two 
last needing mechanical perforators. The uncer- 
tainties in the problem are the amount of traffic to 
be handled, and the wages paid to different classes 
of expert assistants. “tt is ible to estimate 
with close approximation the probable initial 
outlay, the cost of maintenance, the number of 


staff per shift, and to express this last in terms |i 


of trained operators of the highest class, the 
ratio of wages in different classes being fairly 
well maintained in different countries. For 
a line over which a traffic of thirty words a 
minute may be anticipated the Duplex and the 
Baudot Simplex would be competent, and the 
least costly installation. But though the outlay 
on the Baudot is 1000/., as opposed to only 120/. in 
in the case of the Duplex, the economical advan- 
tage rests with the Baudot. If the traffic is in- 
creased to fifty words a minute, the Quadruplex 
and the Gell- Wheatstone may compete with the 
fore-mentioned systems. The number of operators 
must be doubled, though the work is only in- 
creased some 70 per cent., and the advantage lies 
with the Gell-Wheatstone mainly on account of its 
smaller initial outlay—400/., as against 1200/1. for 
the Baudot. Increasing the traffic to 100 words a 
minute, by which addition we again have four 
competing systems, the prize for economy is ad- 
judged to the Wheatstone-Creed, for its greater 
initial cost (21001.) is more than compensated by 
the diminished number of operators uired. 
While the Wheatstone Duplex and the Baudot 
each need a staff of eighteen operators per shift, 
the Wheatstone-Creed can be worked with ten. 
But a Baudot six-arm Simplex, costing about 
16001., would deal with a traffic of 180 words a 
minute, employing fourteen men. Under such 
circumstances the Baudot would run the Wheat- 
stone-Creed very close, and the choice would 
probably be made on other than uniary 
grounds. Of course, ter speeds n this 
can be accomplished. Under pressure it is pos- 
sible to transmit 400 words a minute, and 
since under Morse signalling the most expert 
operator cannot send more than forty words per 
minute, it is easy to see how enormously the effi- 
cieney of the whole line is inereased by adopting 
automatic methods. As a rule, the public fail to 
appreciate the vast amount of intelligence dissem- 
inated over the country by telegraphic means. The 
author states that sometimes a million words are 
sent on a single night, or, say, the contents of ten 
novels of average length. 





Submarines; Their Mechanism and ‘ By 
Freperick A. Ta.sor. ion: Willi Heine- 
mann. [Price 3s. 6d. ret. ] 

Tue author, in previous volumes on kindred sub- 

jects, has shown remarkable gifts of exposition 

after judiciously selecting and industriously study- 
ing sources of primary knowledge. This addition 
to his eeries of quasi-technical treatises, which the 
war has made inevitable, is in no sense inferior to 
its predecessors. Such works serve a useful pur- 
pose for general enlightenment, but must never be 
accepted by the student desirous of mastering any 
branch of engineering. Nor does the author of 


this work seek for such readers. He makes that | 7% Boy 


clear in yar ary But this is no excuse for mis- 
leading nical statements, which should be 
avoided even in a work forthe general reader. On 
page 54, for instance, it is said :—‘' If high-speed 
gasolene-engines are used, the employment of 
reducing gear is essential, so as to bring the engin 
down to ry ty for the propellers” ! 
he definition of the difference between the sub- 





mersible and submarine is wrongly, if vaguely, 
gy the author comforting himself with the 
reflection that the differences are merely of tech- 
nical import (page 34). = it is stated that 
ingenious efforts were, and are being, made to 
utilise ‘‘a closed system” of steam-engine for 
operating the propellers when the vessel is sub- 
merged Bs ° It appears, on page 67, that 
the pressure due to fuel combustion within the 
Diesel engine forces the piston down with ‘‘in- 
creasing ” ne. Other such inaccuracies could 
be mentioned. It is a pity that a book generally 
so worthy of commendation should not have been 
revised by someone technically conversant with the 
subject. 

e evolution of the submarine and the present, 
or rather ante-bellum, stage of progress in — 
are described in quite an attractive form. e 
mechanism, equipment, and armament are ex- 
plained, and to the reader there is conveyed a 
vivid idea of operations on the surface and sub- 
merged. The fleets of all the Powers are dealt 
with ; but it is inevitable that nothing could be 
written as to recent developments. There is thus 
little that is new. Indeed, of the thirty-two page 
i at least - yr y have already appeared 
in ENGINEERING, twelve of them in our issue of as 
long ago as November 17, 1911. The sections of 
submarines on pages 200 and 202 have been copied 
from the same issue, without acknowledgment. 

The author ventures little on prediction. In his 
last chapter on the limitation and the future of the 
submarine he says that ‘‘ generally speaking, the 
submarine, as a fighting machine, excelled 
the most sanguine anticipations of those who were 
in a position to know” (page 253). And yet later 
he seems to prove the contrary. ‘‘ So far as pre- 
sent experience has carried the subject, the under- 
water naval vessel is restricted to one sphere of 
activity—raiding. Here, again, there are limita- 
tions” (page 258). ‘‘ As the war drags along, the 
Germans are realising that the submarine, like the 
much-vaunted airship, is somewhat in the character 
of a faith cure” (page 260). ‘‘ There is every indi- 
cation that acomplete means of rendering the sub- 
marine impotent will be perfected before the war 
has run its ength, and this circumstance has served 
to extend additional support to the theory that the 
submarine, as it is known to-day, will be super- 
seded ” (page 262). Butin what follows the author 
shows that he is not in ion of the facts and 
their bearing on the potentialities of the future. 
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YEAR-BOOKS AND ANNUALS. 


Hazell’s Annual, 1916.—This annual for the coming 
ear, which is issued at the price of 3s. 6d. net by 
essrs. Hazell, Watson and Viney, Limited, 52, Lon 

Acre, London, W.C., has now appeared. It is edi 
by Mr. T. A. Ingram, M.A., ELD. It gives the 
are of Government offices and important public 
ies, a complete list of the recipients of the Vic- 
toria Cross, a Koll of Honour, information concernin 
the war, data on the United Kingdom, the Briti 
Colonies and Dominions, and on foreign countries. It 
appeals to a very wide circle. 





The ‘* Mechanical World” Pocket Diary and Year- 
Book, 1916.—This year-book, which is published, as 
usual, at the price of 6d. net, in Manchester, by 
Messrs. Emmott and Co., Limited, whose London offices 
are 20, Bedford-street, W.C., gives in a very small 
and handy compass a vast amount of useful informa- 
tion on steam-engines, turbines, Diesel engines, &o. 
It contains also s large number of mathematical data, 
and is completed by a diary for the year. 


The ** Mechanical World” Electrical Pocket-Book, 
1916.—This isa companion to the former year-book 
in regard to electrical subjects. It is issued by the 
same publishers, also at the price of 6d. net. It deals 
with the generation of current and all its manifold 
applications. 








The South Wales Coal Annual, 1916.—This annual is 
edited by Messrs. Joseph Davies and C. P. Hailey, 
and is published at the price of 7s. 6d. net, by the 
Business Statistics Company, Limited, Baltic House, 
Cardiff. It gives illustrated information relating to 
the firm of T. Beynon and Co., Limited ; prices of coal 
at different periods of 1914 and 1915 ; data on legisla- 
tion affecting coal; forms of bills of lading, charters, 
&c. ; statistical data ; output, export, &c., concerning 
Welsh coal, and so forth. 

The British Dominions’ Year- Book, 1916.—This 
useful year-book, edited by Messrs. Edward Salmon, 
F.R.C.L, and James Worsfold, F.C.LS., like its 

redecessor entitled ‘‘War Facts and Figures,” can 
obtained from the British Dominions’ General 
Insurance Company, Limited, 1, Royal Exchange 
Avenue, London, E.C. It gives numerous statistics 
and a large series of interesting articles, among which 
we may mention ‘‘The First Year of the War,” by 
E. Charles Vivian ; ‘‘The Imperial Navy,” by Fred 
T. Jane; ‘‘ The Cost of the War—the First Year,” by 
Edgar. Crammond, F.S.S.; several articles on the 
part taken in the war by the Dominions, including 
one by Sir Leo Chiozza Money, M.P., entitled “A 
Business-like Empire, its Development and Conserva- 
tion,” which emphasises the straits to which the 
British Empire has been put through lack of business- 
like methods, and points the way out of the diffi- 
culties. Other articles deal with the ‘‘ Economical 
Outlook for Germany,” with ‘‘ Revelations and De- 
vices of the War.” The book contains a number of 
good maps and illustrations. 





The Guide to South and East Africa.—This guide 
for the present year, the twenty-second edition, is 
edited by Mr. A. 8. Brown, F.R.M.S., and Mr. G. G. 
Brown, F.R.G.S., and is issued for the Union-Castle 
Mail Steamship Company, Limited, like the preceding 
editions, at the price of ls., by Messrs. Sampson Low, 
Marston and Co., Limited, London. It contains a 
large number of very neat coloured maps, plans, and 
diagrams, and a vast amount of interesting informa- 
tion on South and East Africa. The guide has been 
entirely re-arranged, and the index has been re-cast. 
Data concerning game, sport, and overland expedi- 
tions have been grouped under # new section entitled 
** Exploration and Sport.” The sections on South- 
West Africa (formerly German S.W.A.), on Portu- 

ese Angolaland and Katanga (Belgian Congo) have 
Soon re-written and enlarged. 


The Colliery Manager's Pocket-Book.—We have 
received a copy of this pocket-book, almanack and 
diary for 1916, the forty-seventh year of publication. 
It gives about 450 pages of useful data on the mining 
ress during the past year, also in regard to electric 
signalling in collieries, the coal-dust question, coal- 
mining 0 isation, &c.; coal-mining statistics ; 
detailed information on coal-getting in all its various 
aspects, on safety and sanitary devices and appliances, 
&c. A map shows the inspection districts of the 
United Kingdom. It is edited by Mr. Herbert Green- 
well, F.S.8., Assoc. M.I.M.E., and is published at 
the price of 2s. net by the Colliery Guardian Com- 

y, Limited, 30 and 31, Furnivat-street, Holborn, 
ion, E.C. 








Business Prospects Year- Book. —This interesting 
year-book analyses the situation for the t year 
of the coal, iron, copper, tin, tin-plate, oi money, 
shipping, wheat, cotton and rubber markets in the 
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United Kingdom, and gives in a few lines what are 
the prospects of the trade in these various commodi- 
ties for the present year. There are detailed statistics 
for each of the commodities reviewed, and for each 
source of supply ; the book also deals with the situa- 
tion of the various markets both in the allied and in 
the enemy countries. The book will prove of great 
value for reference pu' It is edited by Messrs. 
Joseph Davies and C. P. Hailey, and is published at 
the price of 10s, net by the Business Statistics Com- 
pany, Limited, Baltic House, Cardiff. The London 
publishers are The Financial Times, 72, Coleman- 
street, E.C, 





The Electrical Engineer's Diary.—We have received 
& copy of this diary, which is edited by Mr. J. H. 
Johnson, M.I.E.E , and is issued at the price of 3s. 6d. 
by Messrs. S. Davis and Co., 30 and 31, St. Swithin’s- 
lane, London, E.C. It measures 11 in. by 9 in., and 
gives in the first portion over 300 of information 
on current generation and distribution for all classes 
of power uses and for lighting; the second portion 
forms the diary, with interleaved blotting-sheets. It 
forms a useful desk companion. 





Almanacks, Calendars, &c.—We have received a 
monthly tear-off calendar from Messrs. H. W. Ward 
and Co., Limited, machine-tool manufacturers, Lionel- 
street, Birmingham ; one from Messra. R. Y. Picker- 
ing and Co., Limited, railway rolling-stock builders, 

ishaw, near Glas ; one from Messrs. Unwin 
Brothers, printers, 27, Pilgrim-street, Ludgate Hill, 
E.C.; a very neat monthly desk calendar from Messrs. 
Stewarts and Lloyds, Limited, the well-known tube 
manufacturers, Broad-street Chambers, Birmingham, 
and 41, Oswald-street, Glasgow ; two artistic monthly 
tear-off calendars from Messrs. J. G. Fish, Hall and 
Co., stationers and printers, 11, Bishop’s-court, Chan- 
cery-lane, London, W.C.; also a treasury-note case 
from Messrs. Alexander Duckham and Co., Limited, 
Millwall, London, E. 








INDUSTRIAL NOTES. 

Mr. A. M. DuckHam has been appointed Deputy 
Director-General of Munitions Supply at Armament 
Buildings. Mr. Duckham was for some time pre- 
viously at the Munitions Inventions Department. 





On Friday, the 7th inst., a meeting was held at the 
Westminster Palace Hotel, London, with a view to 
consider the question of amalgamating the whole of 
the trade unions whose members are employed in the 
iron and steel trades. Mr. C. W. Bowerman, M.P., 
secretary of the Trades Union Congress, presided. 
The unions represented were the Iron and Steel Trade 
Federation ; the British Steel-Smelters, Mill-Iron, and 
Kindred Trades Association ; the National Federation 
of Blastfurnacemen, Ore-Miners, and Kindred Trades ; 
the Tin-Plate Section of the Dock, Wharf, Riverside, 
and General Workers’ Union ; the National Amalga- 
mated Union of Enginemen, Firemen, Mechanics, 
Motormen, and Electrical Workers ; and the National 
Amalgamated Association of Nut and Bolt Makers. 
It was decided to appoint a committee, consisting of 
two members of each of the unions represented, to 
draft a scheme for amalgamation, the committee to be 
instructed to report to a further conference to be held 
early next month. 





In the course of a speech which he made at the 
opening last week of a canteen for female night 
workers at the Beardmore Works, Paisley, Sir William 
Beardmore stated, on behalf of the firm, as an induce- 
ment to these workers, and in order to encourage the 
greatest possible effort for the production of muni- 
tions, that, as from January 1, this year, till the close 
of the war, a bonus of 10 per cent. will be paid on 
the total wages earned by each female worker 
employed continuously in the factory till the end of 
the war. This bonus, however, will be subject to 
the female workers keeping regular time, attending 
to their duties to the satisfaction of the management, 
and not absenting themselves unless through illness 
or with the necessary permission. If these conditions 
are fulfilled—and there is nothing to prevent it— 
then, at the termination of the war, each will be 
in ion at the close of their work there of a 
useful ‘‘ nest-egg.” 


This intimation was warmly greeted by the workers 
present. 





We are informed that a mass meeting of the sub- 
scribers to the Board of Arbitration nm Conciliation 
for the Manufactured Iron and Steel Trade of the 
North of — was held at the Co-operative Hall, 
Consett, on Saturday last, the 8th inst., with a view 
to sever their connection with the » with which 
they have been identified since its inception forty-five 
years ago. 

There are over 1000 subscribing members to the 
Board at the Consett Works, The question as to what 





trade organisation will be joined is to be discussed at 
a future meeting. 





The ascertainment of Messrs. Price, Waterhouse 
and Co., accountants, was issued by Messrs. J. R. 
7 on and James Cox, the secretaries to the Board 
of ciliation for the manufactured steel trade of 
the Northof England, who notify that steel millmen’s 
wages will be advanced during the next quarter by 
5 per cent, The ascertained net selling price of steel 
plates automatically fixes wages on sliding ecale basis 
mutually fixed by the Board in 1896. This advance 
will bring a to 324 per cent. above the standard. 
Never in the history of the Board have wages reached 
this high-water mark. The highest previous rate was 
for et last quarter of 1900, when 274 per cent. was 
reached. 


The National Advisory Committee on War Output 
has issued the following statement to the trade unions, 
the members of which are engaged on munition work : 

‘*His Majesty’s Government have given earnest 
attention to the financial position of the country, to 
the great and increasing demands which will still be 
made upon its resources to meet the needs of the war, 
and to the imperative need for economy in all forms 
of expenditure and consumption, both public and 
private. They have also had regard to the general 
advances of wages that have already been given since 
the beginning of the war, and to the measures 
already taken to tax or limit the profits of under- 
takings. His Majesty’s Government have come to 
the conclusion that, in view of the pressing emergency, 
ref further advances of wages (other than advances 
following automatically from existing agreements) 


‘| should be strictly confined to the adjustment of local 


conditions where such adjustments are proved to be 
nece Sag 

In this connection we refer our readers to the 
article we gave in a former issue (see ENGINEERING, 
vol. c., page 571). 


The Inter-State Commission, which has been con- 
ducting investigations in Australia with <7 to 
trade generally, and local industries particularly, has 
made interesting references, in arecent report, to the 
possibilities of new industries being established in 
Australia. What entirely new industries may be 
established, says the report, is a question depending 
almost wholly on the condition, whether private enter- 
prise, capital, and expert labour are available for the 
purpose. This, fortunately, has been the case with 
the iron and steel industry, which promises an expan- 
sion in industrial —s exceeding by far anything 
which may be anticipated from any other source. 

The following are given as typical instances in 
which Australian raw material may be used in con- 
nection with new industries :—Copper wire, rod, 
tubes, and sheets; yarns; the weaving of woollen 
fabrics from our own raw material; the immense 
quantities of fats and oils ; the by-products of wool- 
scouring (at present run to waste); improvement of 
the process of tanning and preparation of leathers, 
and investigation as to the — of obtaining 
tanning extracts of commercial value from barks other 
than wattle ; the prospects of the —— production 
of alkalies from the natural salt deposits of South and 
Western Australia ; the economic production of wood- 
pulp from the fibre of the forest trees of Australia ; 
the production of alum and potash from the local 
deposits of alunite, one of which, in the County of 
Gloucester, New South Wales, is said to be “‘ one of 
the most remarkable in the world ;” the systematic 
exploration, with the view of the possible discovery 
of natural petroleum deposits ; the manufacture of tin- 
plate ; the possible utilisation of cheap water-power ; 
the local cultivation of the better qualities of tobacco ; 
the local manufacture of margarine, the growing of 
flax for fibre and linseed; the manufacture of zinc 
oxide ; the cheapening of the cost of sugar for 
manufacturing purposes. 





The Minister for Lands in New South Wales is 
developing his scheme for the settlement of returned 
wounded or disabled soldiers on the land, or, at any 
rate, those soldiers who desire to secure farms. 
Altogether 1000 farms will be made available through- 
out State during the next twelve months. Each 
man will be able, if necessary, to secure an advance of 
1001. to develop his holding. 


The Comité des Forges de France states that a 
Central Bureau has been instituted at the French 
Ministry of Public Works for the distribution of coal 
to the public services, to the works employed in 
national defence, to private works, and to households. 
It has full power to commandeer any supply. A sales 
office is established in the chief town of each mining 





district and in each port through which coal imports 
take place. Any sale carried out by the French 
mines or by the importers outside the Central Bureau 


or the sales offices will be adjudged null and void. 
All the coke produced by the French metallurgical 





= 


works will be distributed to the consumers by the 
Central Bureau, who will also establish liste of priority 
to be followed by the installations producing gas coke. 
The prices of French coal are to decided upon 
the ch Ministry of Public Works on the Ist 
15th of each month, also the prices to be paid the 
importers for the coal impo . All the coal, both 
French and imported, required for domestic pu 

will be sold at the above prices, plus the cost of trans- 
port. A similar measure establishes the cost of coke, 


Railway employees in the United States, says the 
Railway Master Mechanic, New York, receive on the 
average 44 cents out of every dollar of gross earnings 
of the railways. In other words, practically half of 
the total ings of the railways is t in 
labour. e other is expended on material and 
supplies, rentals, taxes, interest, and dividends. 
Supply dealers and the holders of railway securities, 
together with the State, come in for but half of all the 
railways earn. The employee, therefore, stands in 
quite as important a position as —— in the busi- 
ness world or anyone of those who are classed as 
investors. 





We read in the American Machinist that, according 
to information received from Russia, Americans know 
aso A nothing of the nt-day Russian machine- 

uilding industry. Mr. D. G. Baker, with whom our 
contemporary is acquainted, has just returned to 
America after a stay of several months in Russia, and 
brings facts which completely disprove the common idea 
that Russia is backward in machinery-building and 
metal manufacture, and is lacking in skilled mechanics. 
Complete = of the erroneousness of these opinions 
is given by the fact that the Russian output of 
rifles and ammunition per man-hour is equal to 
the best of the American records. And so highly 
does Mr. Baker think of Russian mechanics that 
not only does he believe them to be the equal of 
Americans, but, given a shop equipment for mass pro- 
duction, and the choice of operating it in either the 
United States or Russia, he would choose the latter 
coun’ to-day. The Russian mechanic is skilful, in- 
telligent, willing to learn an operation, and to continue 
performing it for long periods of time without dis- 
satisfaction ; and, since vodka has been suppressed, his 
number of working hours per week averages fully as 
high as that worked in the States. Since the opening 
of the war, there has been a tremendous increase in 
the size of metal-working plants, particularly those 
engaged on small arms, rifle and ordnance ammuni- 
tion. In addition, there has been a great increase in 
the production of machine-tools. 





NORWEGIAN ORDERS FROM AMERICAN YARDS—Tonnage, 
of course, is in strong demand everywhere at present, but 
hardly anywhere more so than in Norway. This count 
places orders in all parts of the globe—China, Holland, 
and the United States. Some substantial orders have 
been placed in the latter country, where the yards still 
seem capable of oe ae within a reasonable 
time—in eight or nine mon and at prices which, under 
the present circumstances, are considered reasonable. 
Among recent Norwegian orders six have gone to Cleve- 
land, six to is on the East Coast, and one to San 
Francisco. he steamers ordered from Cleveland yards 
are of the so-called Frederiketad of 3300 tons, and 
intended for the timber traffic, boat ordered in San 
Francisco is of 9000 tons, will have turbines, and be 
equip for burning both coal and liquid fuel. price 
is understood to be 800,000 dols. Two Norwegian shi 
ping firms have each placed orders for two motor v: 
of tons, with a Baltimore yard; they will have 
twin-propellers, and the price is stated to be 200,000 dols. 
each ; the Saxe & to take place towards the end of 
1916, from September 15 to December 15, a month interval 
between each. 

Personat.—Messrs. A. J. Greenly and Theodore Deni- 
son have taken over Messrs. Baldwin and Wills’ works, 
St. Albans-road, Watford, and commenced business as 
manufacturing electrical and mechanical engineers, under 
the style of — Greenly and Denison. Ty under- 
take turning, boring, screw-cutting, planing, die-casting, 
and wood-working.—Mr. J. E. Weyman, M.I. Mech. E., 
of Pilgrim House, Newcastle-on-Tyne, and Mr. EK. F. 
Hooper, late meme director of Wear Fuel Works 
Company, Limited, th Docks, Sunderland, tar and 
~ 4 ee Soe become associated in jeonnestion 
wi -products chemical i ing.—The Wailes 
Dove Bitumastic, Limited, of Newcastic - on - Tyne, 
announce that Sir Thomas Mitchell, C.V.O., who has 
been connected wi firm since his retirement from 


The upplies Company, of 233, 
Tottenham Court-road, London, W., have arranged for 
Mr. A. G. Ingleby, late of the Adnil Electric Company, 
to take over the control of the engineering department. 
This company is now wre ~ the following firms in 
London and the South of England:—The Keighley 
Electrical ey | Company, Limited, for direct- 
current motors and dynamos for aout cp te aad 
including 125 horse-power ; and Messrs. Firth and Russell, 
of Leeds, for alternating-current motors for capacities up 
to 100 horse-power. 
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94-IN. CENTRE PROJECTILE LATHE. 
CONSTRUCTED BY THE COLCHESTER LATHE COMPANY, ENGINEERS, HYTHE, COLCHESTER. 








We illustrate above a 9}-in. centre lathe specially 
designed and constructed by the Colchester Lathe 
ea of Hythe, Colchester, for rough-turning 
projectiles. As will be seen from the photographic 
illustration, Fig. 1, the tool is of exceptionally — 
and massive construction, so that it is quite suitable 
for operation by semi-skilled labour. 

The bed, which is 8 ft. long, 164 in. wide, and 124 in. 
deep, is carried on two a which form cupboards 
for the reception of change-wheels, tools, &c. It is 
formed with square guides, and is of sufficient strength 
to withstand the roughest usage. It will have been 
noticed that the headatosk: is driven by a pair of fast- 
and-loose pulleys, so that only one spindle speed is ob- 
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tainable. This, however, is all that is required, since 
the tool is only intended for ees shells of one 
size. The arrangement has the advantage that no 
countershaft is required, so that first cost is reduced 
and top light is not obstructed. The headstock pulleys 
are 18 in. in diameter and are of sufficient width to 
take a 6-in. belt; a self-contained striking-gear of the 
rack-and-pinion type, placed in a convenient posi- 
tion for the operator, is Levee visible in Fig. 1. The 
spindle runs in large adjustable phosphor- bronze bear- 
ings, the front one of which is 5 in. in diameter and 


7} in. long ; ball-thrust washers are provided to take | and 


the thrust on the spindle. The thrust on the loose 
headstock, which is also of exceptionally rigid design, 
is taken by a pawl which engages with a rack fitted 
on the bed. The a for thrust is particular] 

important in this lathe, owing to the form of chuek 
used. This chuck is illustrated in Figs.2and3. It 
will be seen to consist of a solid steel body, the front 
part of which is conical and the intermediate part 
cylindrical. In the cylindrical part three hardened 
steel blocks with serrated surfaces are inserted in such 








Fia. 1. 


a manner that the serrated surfaces form continuations 
of the smooth conical surface of the front part of the 
chuck. The base of the hollow shell forging is placed 
on the chuck and slid along, so that the serrations 
engage with the edge of the cavity, and the back 
centre is then brought up to hold the shell in i- 
tion. This, of course, produces a considerable thrust 
on the headstocks, but due allowance has been made 
for this in the design, and the large saving in time 
effected by the use of this chuck is an advantage which 
outweighs all other considerations. 

The saddle, which has large bearing surfaces and 
long guides, carries a slide-rest of the plain block 
type. The gearing under the apron is carried in 
double bearings, and is actuated by a steel drop-worm 
engaging witha phosphor-bronze wheel ; an automatic 
knock-off gear, which is distinguishable in Fig. 1, is 
provided. The feed-shaft is driven by change-wheels 
through a slipping-clutch, visible in Fig. 1, and sepa- 
rately illustrated in Fig. 4. This acts as a safety 
device, and ——- the damage which would other- 
wise occur if an excessively heavy cut were put on, or 
if the saddle came up against the headstocks owing to 
the knock-off gear not having been properly set. 
Altogether the tool seems to be extremely well adapted 
for heavy work in munition factories with the class 
of labour now available, and we understand that a 
large number have been so employed with very satis- 
factory results. 








Contracts. — The Manometer Manufacturing Com- 

ny, Limited, Aston, Birmingham, inform us that they 

ave received orders for complete batteries of their 
various furnaces for new arsenals. 





Tue tate Mr. Lewis Grant, Krrxcatpy. — We 
regret to learn of the death, on the 10th inst., at his 
residence, Lettoch, Kirkcaldy, of Mr. Lewis Grant, head 
of the well-known engineering firm of Messrs. Douglas 
and Grant, Dunnikier Foundry, Kirkcaldy. Mr. Grant, 
who was in his 72nd year, was a son of the manse, his 
father being the late Rev. William Grant, minister 
of Cavers, an but the subject of our 
memoir was educa in eg whither his family 
had e on the death of his father. Early in life 
he showed a natural aptitude for engineering, and 
was trained in both theory and practice. His firm 
did a great variety of work, particularly for export trade, 
notably in connection with the rice industry in the 
East ; South Africa was also a large field for their enter- 
prise. Some years ago, Mr. Grant made a tour of the 
world, in order to me more conversant with the 
requirements of his wide circle of clients. He ised 
his duty as a leader of industry, and was connected with 
several of the local administrative bodies; he was for 
a number of years chairman of the Kirkcaldy School 
Board. He was identified too with the Established 
Church of Scotland, and was connected with, and liberally 
supported, many of the committees. His two sons are 
on y service, one being in the R.A.M.C. in France, 





ROPE-GROOVES FOR PULLEYS. 


Mr. Tuomas Hart, of the Lambeth Works, Black- 
burn, the well-known manufacturer of cotton driving- 
ropes, has just issued a sheet showing a new form of 
rope-groove which he considers to have advantages 
over sections in general use. The groove is made to 
an angle of 45 deg., but is deeper than usual. 

The annexed diagram shows the form and propor- 
tions of the groove, the section being laid out as 
follows :—With centre O and radius O A draw a circle 
equal in diameter to the rope required. Draw hori- 
zontal and vertical diameters AO BandCOD. With 
A, B, and C as centres, and radius O A, draw arcs to 
intersect at P and Q. Join P and Q to centre O, 








cutting circle at E and F. Join DE and DF, and 
parallel to these two lines draw tangents to the circle 
cutting AB, produced at R and 8. Through R and 
8S draw RT and SU parallel to COD, cutting PCQ, 
produced in Tand U. Make DG = DO, and draw 
are through G with radius = 4 0A. Thickness of the 
mid-feathers = 40A. Round off all corners of the 
groove TRGS U. 

Owing to the reduction in diameter of driving-ropes 
which occurs during work, Mr. Hart considers that 
with some forms of groove now used the ropes soon 
work too near the bottom, thus causing a tendency to 
slip. With the form of groove which he is now advo- 
cating, Mr. Hart claims that this risk of the rope 
touching the bottom of the groove is removed. 





CaNaDIAN Meratiurcy.—The output of pig-iron in 
Canada decreased last year 28 per cent. ; the average selling 
price was also slightly lower. Efforts are being made to 
produce molybdenite, which is in demand in England for 
the manufacture of steel for ordnance-working tools. The 
British Government has requisitioned all supplies of this 
mineral arriving in Great Britain. Molybdenite occurs 
in pockets in many of Eastern Ontario, and it 


is not expected that there will be much difficulty in 





obtaining considerable supplies to meet the current 
requirements, 
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ELECTRICAL RAILWAYS.* 
By Henry Mercatr Hosart, M. Inst. C.E. 
(Continued from page 24.) 

The Frictional Resistance of Electric Locomotives.—For 
these posing -4 the ane during = - motors 
are propelling the train, the losses in friction of gearing 
and of commutator brushes, the ing friction of the 
armature, and the windage friction of armature and 
commutator are taken into account in the value of the 
effici of the electrical equipment. But during the 
times w! the train is impelled exclusively by its own 
momentum or by gravity, these constitute components of 
the frictional resistance of the locomotive. In careful 
analyses of train movements it is sometimes of import- 
ance to have a full realisation of the extent to which 
these components may affect the frictional resistance of 
the locomotive. The losses mentioned will, according to 
the particular design, usually amount to from 3 to 5 per 
cent. of the continuous rating of the electrical equip- 
ment. Taking 4.0 per cent. for the Butte locomotive, 
then when two locomotives are employed, as in the runs 
we have analysed, we have— 


2 x 1080 x 0.040 = 86 horse-power. 


If we donote the corresponding resistance, in pounds 
ton, by P, we have for the locomotives’ rated speed of 
Te.2 miles per hour— 


p — __86 x 60 x 33,000 
16.2 x 6280 x 2 x 72 


In analysing the run from Rocker to East Anaconda, 
the resistance for the entire train was taken as 6 Ib. per 
ton. Since for coasting the frictional resistances asso- 
ciated with armatures, commutators, and gears alone 
amount to 14 Ib. ed ton, our assumption is only tenable 
on the basis of a frictional resistance of less than 6 Ib. per 
ton for the loaded ore-cars, and materially more than 
6 lb. per ton for the resistance of the locomotives, Let 
us eke the total resistance of the locomotives, when 
coasting, as 18 Ib. per ton. This leaves for the friction of 
the ore-cars— 

6 x 3700-18 x 144 
3700 —144 

On this assumption the portion of the resistance of the 
locomotives which is not included in the losses in the 
electrical equipment is (18—14 =) 4 Ib. } nay 

** Drivers-to-Draw-Bar” Efficiency ing the West- 
bound Run.—Taking into account these differences 
between the frictional resistance of locomotives and 
loaded ore-cars, we have, for the “‘ drivers-to-draw-bar ” 
efficiency — 

5.5 x 3556 x 100 
5.5 x 3556 + 4 x 144 


If the difference between the frictional resistance of the 
locomotives and loaded ore-cars, in pounds per ton, had 
not been taken into account, the ‘‘ drivers-to-draw-bar ” 
efficiency would have been ( : es = ) 95 per cent., 
the 1 per cent. difference in this case being of negligible 
consequence. Any distinction of this sort should, of 
course, be based upon quantitative measurements, and 
the example is merely given as suggesting the nature of the 


—- data. — . 

e total efficiency of the locomotive, ‘“‘from panto- 
graph to draw-bar,” is equal to the “‘ efficiency of the 
electrical equipment” multiplied by the ‘ drivers-to- 
draw-bar ” efficiency. In this case we have— 


* Pantcgraph draw-bar” efficiency = 84 x 0.97 
= 81.5 per cent. 


On the east-bound wen me the locomotives hauled 
empty ore-cars, whose friction is high. Let us take the 
friction of the complete train at 10 Ib. per ton. The first 
8 miles consists of an average 0.20 cent. down grade. 
This contributes (0.2 x 22.4 =) 4.5 Ib. per ton towards 
overcoming train friction. The remaining 5.5 Ib. per ton 
must be supplied from the motors. There is consequently 
required for this 8 miles 


55 x 1190 x 8 x 5280 
2,659,000 


For the remaining 12 miles of the journe 
Gregson to Rocker) the train rises 260 fb., oa 
For overcoming friction— 


10 x 1190 x 12 x 5280 
2,659,000 
For overcoming gravity— 
260 x 1190 x 2240 


2,659,000 


The schedule speed was 20 miles per hour, and the 
maximum speed was 29 miles per hour. The momentum 
of the 1170-ton train at 29 miles per hour is 28 kw.-hours. 
Let us assume that in originally acquiring speed and in 
accelerating after slow-downs, 60 kw.-hours was absorbed 
bbe train in momentum-energy in the course of the 

mile journey. 

We now have— 


= 14 Ib. per ton. 





= 5.5 lb. per ton. 


= 97 per cent. 








= 106 kw.-hours. 
(é¢., from 


requires — 


= 285 kw.-hours. 


= 260 kw.-hours. 





_* James Forrest Lecture, delivered before the Institu- 
tion of Civil Engineers, on Tuesday, December 14, 1915. 
nore at deere on Ss chet Bh Seana 
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Kilowatt- 
Hours. 
Output from motors from East Anaconda to -— 
Output from motors for overcoming friction for 
Ae wd os ar 285 
tput from motors for overcomin ity for 
12 miles .. on ee A oe 260 
Output from motors for providing momentum .. 60 
Total output from motors for 20-mile journey .. 710 


Since the input was 852 kw.-hours, the losses in the 
electrical equipment were (852 — 710 =) 142 kw.-hours. 
The efficiency of the electrical equipment for the east- 
bound journey was thus oe =) 83.3 per cent. 

The ‘‘ Drivers-to-Draw-Bar” Efficiency during the East- 
Bound Run.—Again, taking the friction of the locomo- 
tives at 4 lb. per ton, we have— 

“ Drivers-to-draw-bar ” efficiency 


10 x 1190 — 4 x 144 
= 1 = 
ie x iis x 100 = 95 per cent. 


Had no distinction been drawn between the different 
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Fic. 4. Prorrme or tat Burrs, ANACONDA AND 
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AND THE WasHOE SMELTER. 
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Fie. 5. Prorite or tHe Burrs, ANACONDA AND 
Pactric Rathway BETWEEN Rocker AND Botte 
Hitt Yarps. 


frictional resistances of locomotives and empty ore-cars, 
the result would have been 
“* Drivers-to-draw- bar ” efficiency 
— 1190 ~ 144 
~ ae 


Here is a difference of 7 per cent. as against the differ- 
ence of only 1 per cent. for the conditions of the west- 
bound journey with loaded ore-cars. While in the one 
case the distinction is of importance, in the other case it 
is Er! negligible. ’ 

e ‘‘pantograph-draw-bar” efficiency for the east- 
bound trip is 
83 3 x 0.95 = 79.2 per cent. 


The assumptions made in these calculations are, of 
course, of so rough a character as simply to indicate the 
a results. 

n Figs. 4and 5 are shown the profiles of the two por- 
tions of the system connecting the main line with the 
Washoe smelter and the Butte Hill mines respectively. 
The former has a ruling grade of BS gre aes See 
average grade of 1.02 per cent. The Washoe smelter is 
located at an altitude of 380 ft. above East Anaconda, 
and the distance by rail is 7 The Butte Hill 

are 4.5 miles by rail from ker and 520 ft. above 
it. This 4.5-mile section has a ruling gradient of 2.5 per 
cent. and an‘average gradient of 2.2 per cent. ore- 


x 100 = 88 per cent. 





cars are loaded whilst on spur tracks on Butte Hill. 
After they are loaded, the cars ure drawn to the Butte 
Hill yards and made up into trains of some thirty-five to 
forty-five cars each. 

On the arrival of these trains at Rocker they are 
usually re-arranged into 2 trains, which then travel 
over the main line to t Anaconda. At East 
Anaconda the long trains were formerly, when steam 
locomotives were used, broken up into trains of only 
sixteen cars each, and each of short trains was 
hauled up to the Washoe smelter behind a steam loco- 
motive which required about 45 minutes for the 7-mile 
journey. When electric operation was first i rated, 
two 72-ton electric locomotives were ethplo od in healing 
these same sixteen-car trains. They made the trip in 
only 22 minutes, i.¢., in half the time required by the 
steam locomotives. At yp" however, ter ad- 
vantage is taken of the larger capacity of the electric 
locomotives, and they haul twenty-five cars from East 
Anaconda to the W: smelter, The running time is 
26 minutes as against the 45 minutes required by the 
steam locomotive in making the same journey with only 
sixteen cars. No time is, however, saved in returning 
with the empty cars, since the curves on this section 
limit the safe maximum speed to 25 miles per hour. 

Test runs have been made on this Smelter Hill service 
of hauling loaded ore trains from East Anaconda to the 
concentrator. The following is a record of three runs and 
their average :— 











From.. .. | East Anaconda 
To ° . | Concentrator on Smelter Hill 
Distance .. 7 miles 
Vertical lift .. a .. | 880 ft. 
Friction (assumed) . | 6 1b. per British ton 
Motive power . | Two 72-ton locomotives 
Designation of Run. 1 2 3 | Ay erage. 

Number of cars in train .. ” 18 21 25 21.3 
Gross weight of train in British 

tons ee oe ee ° 1,270 1,410) 1,710 1,460 
Gross ton-miles_ .. - . | 8,900 | 9 900 | 12,000 10,300 
Schedule speed in miles per hour | 16.1 16.2 14.2 15.5 
Total consumption in kilowatt- 

hours oa ee “a . | 530 560 | 746 629 
Watt-hours per ton-mile. . -- | 65.1 565 | 622 61.5 
Kilowatt-hours per train-mile .. . ie 90 





Let us endeavour to check the average results in the 
last column. The train is hauled up this heavy grade at 
a fairly steady 7. and, corresponding to the schedule 
speed of 15.5 miles hour, we may take the maximum 
speed as being 22 miles per hour. 
1460-ton train at 22 miles per hour is 


1460 x 2240 | /22 x 5289)? 
1/2 = cet oan 2 000 ft.-Ib. 
[¥ x ; x ( ) ]s2,400, ft.-Ib., 


or (seo = ) 19.8 kilowatt-hours. The allowance for 


acceleration from rest and after slow-downs will, in this 
instance, be assumed to be 40 kilowatt-hours. The energy 
to overcome friction amounts to 


6 x 1460 x 7.0 x 5280 _ 
( ~ 2,659,000 Pat. 
The energy to overcome gravity amounts to 

(= eae =) 470 kw.-hours. 
The output from the motors is 
(40 + 12 + 470 =) 522 kw.-hours. 


Since the input is 629 kw.-hours, the losses in the elec- 
trical equipments are (629 - 522=) 107 kw.-hours, and the 
efficiency of the electrical equipments is 


522 
—é 00 = 
(5 xl ) 88 per cent. 


© momentum of a 


) 12.2 kw.-hours, 


On the assumption of frictional resistances a b 
when coasting) of 4]b. per ton for locomotives, and 5.5 hb. 
per ton for loaded ore-cars, we have— 

‘* Drivers-to-draw-bar” efficiency 

— 55x 1316 x 100 
5.5 x 1316 + 4 x 144 
The “ pantograph-draw-bar efficiency is 
83.0 x 0.928 = 77.0 per cent. 


In the estimation of the efficiencies of the electrical 
equipments for the two runs between Rocker and East 
Anaconda, and for this run from East Anaconda to 
the concentrator, rough assumptions of an av fric- 
tional resistance for the entire train have been deemed 
sufficient, the allocation of different values to ore-cars 
and locomotives merely having been introduced for 
the “‘ drivers-to-draw-bar ” efficiency in order to explain 
the importance of the distinction, and with a view to 
suggesting the desirability of measurements permitting 


of its correct estimation. 
In the table on the mo mg are brought together the 
ts. 
to the limit of the co- 


three sets of efficiency resu 
If a locomotive is loaded u 

efficient of adhesion on the ruling grade—1.¢., if, on the 
ruling grade, it is exerting a tractive effort of some 18 per 
cent. of the weight on drivers, the ‘‘drivers-to-draw- 
bar” efticiency will be less the steeper the grade. It 
will also be less the lower the ratio of the weight on 
drivers to the total weight of the locomotive. 


= 92.8 per cent. 





apore be journeys up Smelter Hill, the data of which 
are tabulated above, the average output per motor was 
622 x 15.5 
‘ex7.0 =) kw. = 192 horse-power. 
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| 


|Efficiency of ‘* Drivers-to-| __ F 


— Electrical Draw-Bar” | 
Effi of 
Equipments Efficiency. | coommaaies 


| per cent. percent. | percent. 

West-bound trip of 3700- 

ton train of loaded ore- 

cars from Rocker to 

East Anaconda at » 

schedule speed of 20 } 

miles per hour.. ae 84.0 97.0 81.5 
East-bound trip of 1190- 

ton train of empty ore- | 

cars from East Ana | 

conda to Rocker at a 

speed of 20 miles per 

hour... ee és 83.0 95.3 79.2 
7-mile trip up Smelter) 

Hill with two 72-ton) | 

locomotives hauling! | 





1816 tons of loaded ore: | 
cars, the total train! 
weight being 1460 tons) 83.0 92.8 } 77.0 


Since the continuous rating of each motor is 
(“ =) 270 horse-power, 


the average load was 71.3 per cent. of the motor’s con- 
tinuous rating. 


Tue Equivatent Roun with Stream Locomorivses. 


lf this 7-mile run up Smelter Hill were required to be 
made by means of steam locomotives at schedule 
= a 15.5 miles per hour, attained when employing 
tric locomotives, 11 would be necessary to employ two 
steam locomotives, and each, with loaded tender, would 
weigh, say, 142 tons, thus empene Fe total train weight 
from 1460 to 1600 tons. This would require an average 
development in the cylinders of about 2200 indicated 
horse-power. ing no allowance for any stop, the 
total energy for the 7-mile climb would be 


7 , 
( ke x 2200 = ) 990 i.h.p. hours. 

At 3.7* lb. of coal per indicated horse-power hour the 
consumption for the journey would amount to 3660 lb. 
The coal consumption per train-mile would be 520 lb. At 
19s. per ton the fuel cost per steam train-mile would be 
52d. At an outlay of 0.265d. per kilowatt-hour for elec- 
tricity, and assuming an over-all efficiency of 75 per cent. 
from the D nee of purchase to the pantograph, the power 

ec 


cost per tric train-mile works out at 
90 x 0.265 = 32.0d., 
0.75 


or 62 per cent of the outlay for fuel for the steam train. 

The fact that the outlay for fuel and power per 
locomotive-mile has, for the average of all the traffic 
on the road, decreased to only 39 per cent. as much with 
electric as with steam locomotives, as shown by the 
results in the table on 47, indicates that the coal 
consumption per indicated horse-power is much in excess 
of the 3.7 Ib, assumed in the above estimate. Ib is 

robably more of the order of at least 5 lb. per indicated 

orse-power hour (61,000 B.Th.U. per indicated-horse- 
power hour). 


SecrecaTion or Locomotives’ ActTIvirtizs. 


Let us now review the familiar studies of the sogregs- 
tion of the total hours in the life of a locomotive. b 
L. R. Pomeroy, in a paper entitled ‘‘ The Electrification 
of Trunk Lines ”+ states that from an actual three 
months’ test on a trunk line, a committee on time 
service of locomotives gave the following as the repre- 
sentative division of a ‘‘locomotive working day” for 
freight locomotives :— 








; Per Cent. 
inn Average | of the 
per Day. | 94 Hours. 
hours, 
A. Time for which mechanical department 
is responsible ia ‘ as 5.3 22 
B. The average time the locomotive | 
performing useful work, i¢., actually | 67 2s 
pulling trains (taken at 3000 miles per ‘ 
month and 100 miles per day) ‘ 
©. Time that the locomotive is under 
steam, with crew, and ready to go, 12.0 50) 
i.e., time at terminal yards, side at 
tracks, and awaiting orders .. - 
Total ni = ee ee 24.0 100 





_ In the paper in question Mr. Pomeroy cites this data 
in seeking to make the point that the only extent to 
which this state of affairs can be impro by substi- 
ee ga co is in reducing A to about 
one-half, and in, “perhaps owing to greater speed,” in- 
mere B, but _ ———_ he calls ‘‘ the lesb enction 
ue to traffic and operating causes,” is inevitable. 

Fhe senabte alsendty chtainnd on Go athe. Anaconda and 
* 3.7 Ib. of coal (of a calorific value of 12,250 B.Th.U. 
per lb.) per indicated horse-power is 45,500 B.Th. U. per 
indicated horse-power hour, or —- = )1ss kilowatt- 
hours per indicated horse-power hour. The corresponding 


efficiency from the fuel to the cylinder is (is = ) 5.6 





per cent, 
+ Proceedings of the Institution of Mechanical Engi- 
neers, 1910, page 1195, 





Pacific Railway, however, are to the effect that the “‘lost- 
motion” conditions are decidedly improved with electric 
locomotives. Mr. Pomeroy, in the same paper, quotes 
Mallets as burning from 6001b. to 800 lb. of coal per 
hour while lying on sidings, and states that under these 
circumstances a ‘2-8-0 locomotive with 50 sq. ft. of grate 
surface burns 300 Ib. of coal per hour.” 

Mr. C. P. Kahler, electrical engineer of the Oregon 
Short Line Railway, in a paper entitled ‘*Trunk Line 
Electrification,”* publishes tables (from which the fol- 
lowing table has been — showing the allocation 
of time of the twenty-eight passenger and ninety-six 
freight locomotives are on a section of a ivend 
between 500 and 600 miles in length. 


| 

Passenger | Freight 

Locomotives. Locomotives. 
= 23 he -éee3 | er 
2s a. | £§55| =. 82 
SE i) og 25g 082) og E55 
= a e & eee 4 
Ese ta ‘hal hal Ft) mee 





In shops os ee 2 
In engine-house (hav- | 
ing running repairs q 
done, boilers washed, 
fire-boxes cleaned). . 
Running to and from 


trains .. a o 1.6 6 0.5 11 4 1.0 
In helper service 1.1 4 0.3 4.3 16 4.2 
On road— 

Actually running .. o3| 7 » f17.1 62 16.4 

r] 8) % | 8747] 30 | was 


Standing on sidings, 
taking water, &. J 


365 | 28.0 | 100.0| 365 | 96.0 
In this connection Mr. Kahler makes the further 
statement that ‘‘the records of two western steam roads 
show that their passenger locomotives spent respectively 
21 cent. and 17 per cent. of their time in the shops, 
and that the freight locomotives of the same roads were 
in the shop 30 per cent. and 24 per cent. of their time.” 


Totals .. ond 100.0 











SreamM-LocomMoTivE EFFicirENcIEs. 


The following efficiencies have been estimated by the 
author (in a paper entitled ‘‘2400-Volt Railway Electri- 
fication,” published at page 1149 of vol. xxxii. (1013) of 
the Transactions of the American Institute of Electrical 
Engineers), as not likely to be exceeded by steam loco- 
motives in regular service :— 


Efficiencies. 





Express Heavy 
Passenger!) Freight 
Service. | Service. 








| per cent. | per cent. 
From coal to cylinders whilst train is run- | 


ning on its useful journey .. oe 5.2 | 4.6 
From coal to rims of drivers .. 4.4 } 3.9 
From coal to draw-bar.. ‘ia - es 3.5 | 3.2 
Do. corrected for coal burned at other | 

times than on the useful journey .. oo} G7 2.3 


} { 

In a contribution to the discussion of the paper in 
question, Roger Smith gave figures for the ‘‘ coal-to- 
draw-bar” and for the ‘‘ journey” efficiency based upon 
the Great Western Railway’s express passenger service, 
burning Welsh coal of a calorific value of 15,400 B.Th. U. 
per lb. The fuel consumption for that service was 2.75 lb. 
per indicated-horse-power hour (42,500 B.Th.U. per in- 
dicated-horse-power hour), and the ratio of draw-bar 
horse-power to indicated horse-power was taken as 0.70. 
Mr. Roger Smith’s figures and the author’s are brought 
together in the following table :— 





Over-all Efficiencies for 
Express Passenger Service 
with Steam Locomotives. 


Author’s (Great Western | 





Estimate. | Railway. 
per cent. per cent. 
From coal to draw-bar - se 3.5 4.1 
Do. corrected for coal burned at 
other times than on the useful 
journey ee oe oe ee 2.7 3.2 


Tn the same paper the author contrasts thee efficiencies 
of the order of 3 per cent. with the actual working effici- 
encies of over 6 per cent. from the in the electricity 
supply-station to the rims of the drivers on the loco- 
motives, which, with electric propulsion, are obtained not 
only with dense services of frequently-stopping trains, 
but also with quite sparse services of trains running con- 
siderable distances between stops. By thus more than 


doubling the over-all efficiency from the fuel to the rims | Joggmo: 


of the drivers, the fuel consumption is, for a given ser- 
vice, decreased to less than half that corresponding to 
the use of steam locomotives. Furthermore, a much 
cheaper fuel can be burned in g ting-stations than is 
practicable on locomotives, and it is conservative to set 
the outlay for fuel for a given traffic at one-third as much 
in the former case as in the latter. 

Steam- Locomotive Coal ion per Indicated-Horse- 
Power Hour.—It is of little use to make statements of the 








* Transactions of the American Institute of Electrical 
Engineers, vol. xxxii. (1913), page 1205, 





coal consumption of locomotives per indicated-horse- 
a hour without associating with such statements 

ta of the calorific value of the coal in B. Th. U. per pound 
(or kilowatt-hour per pound or per ton). Winle labora- 
tory tests of locomotives may show consumptions as low 
as 30,000 B.Th.U. per indicated-horse-power hour, it is 
rare that, taking into account its entire traffic of all kinds, 
a — operates with less than 80,000 B.Th.U. per 
indica horse-power hour, and figures decidedly in 
excess of this are common.* en consideration is 
given to such figures as those already set forth, show- 
ing the large amount of time that locomotives are 
burning fuel whilst not pulling trains, it becomes clear 
that this must be the case. For a runs discussed 
in this paper consumptions of 45, B.Th.U. per indi- 
cated-horse-power hour are debited against steam loco- 
motives. com) with the results of laboratory 
tests at the locomotive’s most economical load, such a 
figure as 45,000 B.Th.U. = indicated-horse-power hour 
looks high at first glance; but although reliable data of the 
coal consumption of locomotives in actual service is very 
meagre, there is no doubt that such values favour the 
steam locomotive in comparisons of the kind undertaken 
in this paper. 

Coat ConsuMPTION IN ELEctrRiciTy-GENERATING 
TIONS. 


Recent years have witnessed marked improvement in 
the over-all efficiency of agree ome nage | stations ; 
13 per cent. from coal pile to outgoing cables repre- 
sents a typical value for annual over-all effici for 

modern stations with a load-factor, say a - 
factor of 0.5. This means that, taken over the entire 
year, 13 per cent. of the calorific value of the coal burned 
18 sent out of the station as electricity. On the basis of 
coal of a calorific value of 14,000 B.Th.U. per pound 
1 
(or ar = 7.10 kw.-hours per pound ), an over-all effi- 


ciency of 13 per cent. is obtained when the coal consump- 


, 3411 
tion for the entire year works out at (; 4000 x 0.13 =) 
1.9 lb. per kilowatt-hour of output from the generating- 
station. 


INFLUENCE OF GREATER SPEED AND HEAviER TRAINS 
on OuTLay FoR ENGINE CREWS AND TRAIN CREWS. 


Whereas in the days of “‘all-steam locomotive ”. opera- 
tion of the Butte, Anaconda and Pacific Rai the 
average weight of the ore trains was 1600 ‘British tons, 
the —- weight with electric locomotives has been 
increased 34 per cent., to 2100 British tons. For hauling 
@ given quantity of ore, this has permitted of decreasing 
the number of trains per day by 25 per cent. Further- 
more, the running time on the various sections has been 
greatly decreased, and delays have been largely eliminated 
as com with the conditions formerly obtaining with 
steam locomotives. : 

The uences of the improvements in these respects 
are very marked as regards d outlay for wages of 
enginemen and train crews. As regards the engine crews 
~ henna is strikingly shown in the following 
table :— 


| Number of Hours Engine Crews were 


Employed in Various Services. 








| Overtime Total 
| Hours. Hours. Hours. 
Month of June, 1913, when! 
operation was with 27 
steam locomotives 4230 1010 5290 
Month of June, 1914, when) 
operation was with four 
steam locomotives and 17; 
electric locomotives | 3300 440 3740 
Decrease in June, 1914, as 
compared with June, 1913 980 570 1550 
Do. in percent. .. .. 23 per cent. | 56 per cent. |29 per cent. 
Infe te 4 de- | 
crease with ‘‘all-electric’”, 


service 25 per cent. 65 per cent. 33 percent. 


Only a single engine crew is employed even when a 
train is headed by two 72-ton electric locomotives, since 
the control is effected entirely in the leading locomotive. 
Although the scale of paid by the Butte, Anaconda 
and Pacific Railway is the same as formerly with “all- 
steam-locomotive ” operation, the total expenditure for 
wages of enginemen has decreased from 21,0001. per 
annum with “ all-steam-locomotive ” operation (or 780/. 
per locomotive) to 14,000/. per annum at present with four 
steam and seventeen electric locomotives. Of this latter 
figure of 14,000/. per annum, . per annum is due to 
the four steam locomotives (or 1250/. per locomotive), 
and 9000/. to the seventeen electric locomotives (or 5300. 
= locomotive), a average mileage per electric 
jocomotive is 41,000 miles per annum against an average 
of only 32,500 miles per annum for each of the four steam 
tives. The outlay for engine crews per locomo- 
tive-mile is shown in the table on the next page. 


* At page 1034 of vol. xvii. (1914) of the General Elec- 
tric Review, Mr. A. H. Armstrong writes :—‘‘ Carefully 
compiled statistics indicate tha i 

in the neighbourhood of 12 lb. of coal for each 
Ceocunee hour of actual work expended at the driver 
rims in ling trains of all classes.” The fuel was of 
11,000 BThU quality ; co wide the gross con- 
sumption amounted to 132,000 B.Th.U. per horse-power 
hour at the rims of the drivers, 
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Expenditure for 
paren | wages of Engine 
|Crews per Locomo- 
| tive-Mile. 
| a. 
Prior to the summer of 1913 when employ- | 
ing twenty-seven steam locomotives ° 6.6 
At present with four (Per steam locomo-| 
steam locomotives and} __tive-mile oo] 7.2 
seventeen electric , Per electric loco-| 
locomotives ( motive-mile | 3.2 


A related saving which should be credited to electric 
operation is that of 6200/. per annum in trainmen’s wages, 
a decrease of 21 per cent. This decrease is mainly accom- 
plished by the greater speed, less delays, and consequent 
great reduction in overtime. Although this decrease in 
outlay for trainmen’s wages is not a component of loco- 
motive expenditures, it has been effected through improve- 
ment in Tresmnetion performance, and from this view- 
point it is interesting to note that it works out at a saving 
of 1.7d. per locomotive-mile. 


Tue PassEenceR SERVICE ON THE Butte, ANACONDA 
AND Paciric Rattway. 
The passenger service consists of main-line trains 
between Butte and Anaconda, a distance of 26 miles.* 
Although with a 72-ton electric locomotive the schedul 


motive-mile costs are given in the preceding table, would 

make up annual outlays of— ” 

eae =) 125,000/, for ‘‘all-steam lovomotive” 
operation, 

and 


(= x 800,000 =) 51,0002. for “ all-electric” operation. 


mi 
The annual saving under the heading of ‘‘ Locomotive 
Expenditure” would thus be— 


(125,0002, — 51,000/. =) 74,0007. 


There is involved a further annual saving of some 6000/. 
in —- for wages of train crews. 

As debit items we have repairs and maintenance of sub- 
stations and distribution system, and the associated 

and snpervision items. No statement. of these 

outlays is available. They may fairly be taken as not 
——— 6000/. per annum. : 

Thus the net annual creditavailable for liquidating the 
— expenditure associated with the electrification of 

e road is— 


74,0001. + 60001. — 60001. = 74,000J. 
P.... original cost of the electrification of the Butte, 





speed could have been increased 25 per cent., to 32.5 miles 
per hour, the speed of the passenger train is maintained 
at only 26 miles per hour, as formerly with steam loco- 
motives. The 72-ton electric locomotives, with their 
entire weight on drivers, have re steam locomotives 
which weighed, with loaded tender, 118 tons, of which 
only 54 tons was on.drivers. The usual. composition of 
the train now comprises a 72-ton electric focomotive haul- 
ing a mail and baggage-coach weighing 36 tons and two 
passenger coaches each weighing 40 tons. This makes a 
total train weight of (72 + 36 + 2 x 40 =)188 tons. The 
equivalent train hauled by a steam locomotive weighed 
234 tons, or 25 per cent. more than the electric train, the 
increase of 46 tons in weight being due to the greater 
weight of steam locomotive and tender. 

“ Drivers-to- Draw-bar” Efficiencies of Passenger Trains. 
—Neglecting any differences in the frictional resistances, 
in pounds per ton, in the locomotive and the load behind 
the draw-bar, the “‘drivers-to-draw-bar” efficiencies are— 

For electric train : 18 x 100=61.5 per cent. 
For steam train : ae x 100=49.5 per cent. 

Whereas during June, 1913, with steam locomotives, 
the total passenger-train delays amounted to 1250 minutes, 
the delays for June, 1914, with electric locomotives, 
amounted to only 310 minutes, or only one-fourth as much 
as with steam. 


LocomoTivE EXPENDITURE PER LOcoMOTIVE-MILE. 


It will be seen that for so miscellaneous a traffic as that 
on the Butte, Anaconda and Pacific Railway analyses of 
the component sorts of traffic are practically out of the 
question. The locomotive expenditures per -locomotive- 
mile during the last six months of ‘‘all-steam-locomotive” 
operation are compared with those during the oorrespond- 
ing six months of the following year, when four steam 
locomotives and seventeen electric locomotives were used, 
in the following table :— 


Locomotive Expenditure per 
Locomotive-Mile. 


All- Operation with Four 
Steam 











— Locomotives 
| tives” land Seventeen Elec- 
a - Operation. tric Locomotives. 
[Pence per Pence per Pence per 
Steam Steam Electric 
| Loco- | Loco- Loco- 
motive- motive- motive- 
| Mule. Mile. Mile. 
I. Mainte-|Repairs .. os an 6.5 8.6 2.2 
nance of Depreciation” .. 1.0 21 1.2 
equip- Supervision -| 04 | O08 0.2 
ment ex-' } 
penses. Total om - 7.9 11.5 3.6 
IL. Trans-/ Wages of engine-men | 6.6 7.2 3.2 
porta-|Engine-house expenses) 1.9 1.8 0.9 
tion ex- Fuel and power --| 19.9 18.1 7.0 
penses. Water .. Si oo 0.3 0.3 _- 
Lubrication 0.6 0.7 0.2 
Other supplies. . 0.3 0.6 0.2 
Total “ ee 29.6 28.7 11.5 
Total (I.) plus Total (II.) . -| 37.5 40.2 | 16.1 


| 


* The amount to be set against depreciation is more or less 
arbitrarily fixed by the Interstate Commerce Commission, and 
— necessarily reflect the physical condition of the loco- 

t The discrepancy between this figure and the 19.5d. given else- 
where in this paper is due to fluctuations in the ie price of 


coal. On 46 the 
ann page same price (19s. per ton) was taken for both 


With the traffic of some 800,000 locumotive-miles per 
annum, which may be taken as roughly representative of 
the usual conditions on the Butte, Anaconda and Pacific 
Railway, the two items of expenditure, of which the loco- 


_* Referring to Fig. 3, it should be stated that Butte 
lies 4 miles east of Rocker, and that Anaconda lies 2 miles 
west of East Anaconda, 








and Pacific Railway, set forth as required of 
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Fic. 6. Burre, ANaconpa anp Pacreic Ratz- 
way: PEAK AND AVERAGE Loaps FROM Sus- 
StTaTIons. 


the railway company by the Interstate Commerce Com- 
mission, is shown in the following table :— 


Desigaati: Amount 
Number o Description of Account. of 
Account. Account. 
1 Engineering and superintendence (in- £ 
cluding general preliminary report) .. 2,190 
12 Roadway wols (used for construction 19 
- = neat Se oS eats ee 770 
venenee, maaan, emai an Dr. ve 50 
17 Interlocking and signal apparatus. (The 
introduction of electric operation re- 
quired the installation of a new system) 4,450 
19 | Poles and fixtures (approximately 91 
| miles of track) a ee ws ‘a 27,100 
22 Distribution (approximately 91 miles of 
track were wired) .. ie ye oe 71,500 
25 | Sub-station building (existing buildings 
were used) .. - = od se 40 
Sl and 36 Electrical equipment (five 1000-kw. 
motor generator-sets and seventeen 72- 
ton locomotives) .. ee ee . 134,200 
41 Interest ee ’ 
Total .. -. | 242,800 


The completion of the electrification of the entire 114 
miles of single track and the outlay for the four addi- 
tional locomotives may be roughly taken as increasing 
this capital expenditure to 300,000/, The credit of 
74,000. per year, at which we arrived sbove, is 24.7 per 
cent. of this total capital expenditure. Fu 
the additional equipment is being provided to enable the 
railway to transport 20 per cent. more ore to the Washoe 
smelter. Consequently, the traffic will henceforth amount 
to nearly one million locomotive-miles per annum, and 
the revenue will be proportionately ter. It is thus 
undoubtedly conservative to state that the savings, as 
compared with steam locomotive operation, will within 
seven years of the inauguration of electric operation—t.c., 
by the year 1920—have liquidated the capital expendi- 











— of 300,000/. incurred in the years 1913, 1914, and 


Revative Investment Costs or Execrric AND STEAM 
LocoMOTIV:S. 

The largest item in the capital ex iture for electri- 
fying a railway of this character ia for electrie loco- 
motives. In considering the relative status of steam and 
electric locomotives, sight must not be lost of the circum- 
stance that for e electric locomotive in existence 
the number of steam locomotives runs into the hundreds. 
In the manufacture of steam locomotives the experi- 
ence of many years is available. Standardised parts 
are emplo throughout. The market price of steam 
locomotives is of the order of only § British 
ton, while the corres: ing figure for electric loco- 


motives of ty in which the axles are driven th 
gears is of the order of 80i. to 90/. per British 
ton. While price of the Butte locomotives has 


not been published, it would appear from the above 
assumption that (72 x 80 =) 5760/., or, say, 6000/. per 
locomotive, should be a representative figure. The capital 
expenditure for the seventeen origiaal electric locomo- 
tives would thus amount to (17 » 6000 =) 102,000/. If 
we assume for the four additional electric locomotives 
ma my! tractor-trucks) a price of 8000/. each, we arrive, 
‘or the twenty-one electric locomotives, at a total outla 
of 134,0002. twenty-one electric locomotives wi 
handle a 20 per cent. greater trattic than the displaced 
twenty-seven steam locomotives. We may conservatively 
consider the twenty-one electric locomotives as equivalent 
(with respect to their capacity to handle the traffic) to 
thirty-two steam locomotives, with an average weight 
including tender, of 140 tons and an average cost of 
(30 x 140 =) 42u0/. apiece. Thus the outlay for these 
thirty-two steam locomotives would be (38 x 4200 =) 
134,000/. With the particular price basis selected, this 
gives us the same total outlay for locomotives, whether 
steam or electric, and it may in general be said that the 
greater weight usually required per locomotive and the 
greater number of locomotives necessary to handle a 
given amount of traffic, will necessitate as great a total 
outlay for steam locomotives, notwithstanding their much 
lower cost per ton, as is required for their equivalent in 
electric locomotives. With the gradual increase in the 
number of electric locomotives built and used annually, 
greater standardisation can be introduced into their 
manufacture, and their cost per ton will exceed the 
corresponding value for steam locomotives. However, 
their construction inherently involves a considerably 
ter cost per ton than is involved in steam a gen | 

t the ratio of costs is, with greater standardisation 
the building of thousands annually, in place of dozens, 
certain to decrease. ; 

The item of “repairs”* of steam locomotives is in- 
herently much greater mile than that for electric 
locomotives of approved ty The sixteen ‘ 1913” 
type New York Central tric locomovives of 2600 
horse-power continuous capacity (a tractive effort of 
13,800 Ib. at 54.5 miles per hour), and ‘weighing 119 
British tons, require —_ 1.7d. per locomotive-mile for 
hy wy My te . for all the steam locomotives 
on ew York Central Railroad. The electric Joco- 
motives on that road average about 26,500 miles per year, 
as against 38,400 miles fur the steam . 
motives and 21,000 miles for the steam freight-loco- 
motives. The reason for the lower annual mileage of 
the electric locomotives on this road is that they are only 
em on the short runs from the Grand Central 
Station to the 34-milest distant-limit (Croton) of the 
electrified zone, whereas the steam passenger-locomotives 
—* over divisions of not less than 100 miles each. 

he electric locomotives of the Butte, Anaconda and 
Pacific Railway require 2.2d. : f 
table on this ) per locomotive-mile, as against 6.5d. 
for the di steam locomotives. 

The 140-British-ton direct-current locomotives, with a 
continuous rati of 1800 horse-power (tractive effort 
12,300 Ib. at 54.3 miles per hour), of which thirt mee 
have been in operation on the Pennsylvania lway 
since 1910 (and which have averaged 28,000 mules per 
locomotive per year), require for repairs 2.8d. per loco- 
motive-mile, as against 4.2d. for the steam locomotives 
on the New Jersey Division of the Pennsylvania Rail- 
way, and 5.7d. for the average of all the steam locomo- 
tives on the entire Pennsylvania Railway, the av 
miles per year for the steam locomotives being about 
same figure as that given above for the electric loco- 
motives on this railway. 


. for “repairs” (see the 


Sus-StaTion MACHINERY OF THE BuTrr, ANACONDA 
AND Paciric Rartway. 


Electrification requires ex iture for sub-station 
machinery. In the case of the Butte, Anaconda and 
Pacific Railway it sufficed to i the sub-station 
machinery at two ts. These tions were respec- 
tively on Butte Hill and Smelter Hill, in buildings 
already serving to house electrical machinery employed at 
sub-stations is about 26 miles. This relatively great 
distance apart is rendered practicable by the use of the 
2400-volt system 1 supplying yay ~ it 
been necessary to pressure down volte, at 
least half-a-dozen qubuiations would 
4 * « Repairs” should not be confused with maintenance, 
of which it is I one component, the other components 

isting of ‘‘ depreciation” and “supervision.” The 


consisting 
last item, namely, “* ision,” is of the ord 
of one-tenth, oon of the eutag ter “repairs” (sce the 


have necessary, 





+ thie tatal Sicteriied eallenge of single track en th 
e total electr. mileage on the 
New York Central Railroad is 261 miles. 
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and then not only would their aggregate initial cost have 
been at least twice as great as for the two 2400-volt 
installations, but they would have had a much lower load- 
factor and a lower “ energy ” efficiency. Furthermore, 
a greater outlay would have been required for the wages 
of ee ee ts. The aeons. 4 ~ 
comprises five revolutions-per-minu - genera’ 
sets, each having a continuous rating of 1000 kw. at 2400 
volts when supplied with three-phase, cle, 2300-volt 
electricity. ir two-hour rating is 1500 kw., and their 
five-minute rating 3000 kw. The design comprises a ten- 
pole synchronous motor direct connected to two four-pole 
commutating generators. Each of these generators 
supplies a pressure of 1200 volts at its commutator. The 
two commutators are connected in series, thus Jrovitios 
the required terminal pressure of 2400 volts. com- 
mutating generators are compound wound, and their 
pole-shoes are fitted with distributed compensating 
windings, which, in ep with the interpole 
windings, provide for excellent commutation. The main 
field-windings are separately excited from a 125-volt 
supply. There are three of t sets at the Smelter Hill 
sub-station and two at the Butte Hill eub-station. The 
entire outlay for sub-station machinery has been only a 
matter of some 30,0001. The precise figure is not pub- 
lished. Each motor-generator set weighs about 36 British 
tons. 

In Fig. 6 are given curves showing for the first ten da: 
in December, 1913, the peak loads and the average 
from the two sub-stations, and the sum of the av 
loads from the two sub-stations. An examination of this 
data shows the average load-factor for this period to have 
been 0.34. Theaverage load for the ten days was 2050 kw., 


and the peaks for the ten days averaged (sn = ) 6000 kw. 


The motors of the motor-generator sets are - 
tioned to absorb 1450 kv.a. when the sets are deliverin 
1000 kw. This is in order that they may be worked wi 
such over-excitation of the motor-fields as to have a 
leading power-factor. This leading power-factor offsets 
the lagging power-factor of other customers of the Great 
Falls Power Company, which supplies the electricity to 
the railway company. If the sets were worked with a 
leading power-factor of 0.7, every 1000 kw. consumed 
would be accompanied by a wattless leading component 
of 1000 kv.a. This should be of advantage to the 
supply mw and ought to be worth to them a 
matter of, say, 0.040d. for every leading kilovolt-ampere- 
hour. In other words, were the | of unity power- 
factor, it would, on this assumption, have been consistent 
to charge the railway company some (0.265+0.040 =) 
0.306d. per kw.-hour, a 15 per cent. higher price. Oon- 
versely, another customer using annually an equal amount 
of electricity at the same load-factor, but with a lagging 
power-factor of 0.7, would, if the economics of the busi- 
ness were appreciated, have to pay some (0.305+0.040=) 
0.345d.* ad kw.-hour, a 30 per cent. higher price than 
that paid for 0.7 leading power-factor electricity. As a 
matter of fact, the sub-stations are not opera 
leading er-factor much below unity. 

The distribution from the sub-stations has involved 
the installation of about 250 British tons of copper for 
feeders. The feeder cables are carried on the trolley- 
line poles. About 190 tons out of the total feeder copper 
consists in two cables, each having a cross-section of 
0.390 sq. in. These two cables are operated in multiple 
and extend 26 miles from the Smelter Hill sub-station to 
the Butte Hill sub-station. They are tapped to the 
trolley-wire about every 1000 ft. There are further 
feeders to provide the reinforcement at other 

tions of the system. In addition to the positive 
eeder system, which accounts for about 200 tons of 
copper, the track return-circuits. are reinforced with 
about 50 tons of negative feeders. They compri 
over 30 miles of 4/0 (0.166 sq. in.) cable. 
negative feeders are also carried on the trolley - line 
es. The positive and negative feeder copper, on the 
Casle of 80/. per British ton, has involved an outlay of 
about 20,0001, or an average of eren =) 1752. per 
mile of single track. The trolley-conductor has a cross- 
section of 0.166 sq. in. (4/0 Band 8). A conduotor of this 
cross-section weighs 3400 |b. per mile. There has thus 
been required for the 114 miles of single track 182 tons. 
At 802. per ton this re ts an expenditure of 14,5004., 
or 1271. per mile. track-rail is chiefly 85 lb. per 
rl and about 40,000 bonds have been employed in 
tting the 114 miles of single track for electric operation. 
At 3.3d. per bond the outlay for bonds amounts to 550/., 
or 48/. per mile of single track. 
The various items in the cost of the distribution system 


with a 


are brought together in the following table :— 
Per Mile. 

£ 
Feeder per at oe ee oe ee 200 
Trolley wire - ” 7 os ow ‘ 130 
Line material. . ae ee ys es as 65 
Steel strands .. oe oe be be ee 60 
Bonds .. ¥ . ee ée 45 
Cost of erection 


Total cost .. ee ee ee ee 1110 


The com cost of the distribution system, includip 
system, including track-bonding, is running at about 22/. 
per mile of single track. 

(To be continued.) 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
T Journal. urther information on these poe 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 


Australia : H.M. Trade Commissioner in Australia has 
forwarded specifications and drawings in connection with 
a call for tenders by the Commissioner, Queensland 
Government Railways, Brisbane, for the supply of super- 
structure of four 60-ft. and four 24-ft. rolled girder-s 

for bridge over Salt Water River, Townsville-I 
Railway. Copies of the specification, form of tender, 
&c., may be obtained at the office of the Commissioner. 
Sealed tenders, on the pro forms, will be received up 
to noon on January 31, at the office of the Agent-General 
for Queensland, 409, West Strand. London, W.C., where 
also copies of the specification, &c., may be inspected. 
Tenders must be accompanied by a preliminary deposit, 
either in cash or a marked cheque, equal to 1 per cent. 
of the amount of the tender. 


Spain: The Gaceta de Madrid of December 24 notifies 
that tenders will be received, within a period of thirty 
days from that date, at the Casa Consistorial, Valencia, 
for the completion of hospital construction works in that 
city. The estimated cost of the works is 67,657 pesetas 
(about 2700/.). Although this contract will probably be 
awarded to a : firm, nevertheless the carrying 
out of the works may involve the purchase of some 
materials outside Spain, The same issue of the Gaceta 
ublishes a Royal Decree authorising the Ministerio de 
omento to make arrangements for the execution of 
works in connection with the Valbornedo drainage 
scheme, at an estimated cost of 419,663 pesetas (about 
16,780/.). Tenders will be invited for the supply of 
cement, metals, and other necessary materials. 


Morocco (French Zone): H.M. Agent and Consul- 
General at Tangier has forwarded a copy of the Cherifian 
Bulletin Officiel, containing a Decree, dated November 6, 
1915, authorising the commencement of, and the expendi- 
ture of certain approximate sums on, various public works 
in the French © in Morocco. In some cases these 
works have already been completed, whilst others are in 
the course of construction or contracted for, the present 
Decree having as part object the regularising of antici 
tory work undertaken by the Resident-General. e 
Bulletin also contains a report by the French Minister of 
Foreign Affairs on the works. Out of the total sum of 
98,111,424 francs to be expended on these public works, 
44,110,000 francs are for the Casablanca harbour works, 
and 31,520,000 francs are for roads ; 6,591,880 francs are 

i as subventions to the municipalities of various 
towns for public works; 5,357,531 francs for schools, 
hospitals, &c.; 3,693,467 france for telegraph and tele- 
— services ; 3,225,000 francs for forests, irrigation, 

rainage, &c.; 1,938,782 francs for public offices, &c.; 
700,000 francs for land surveys and maps ; 500,000 francs 
for the preparatory surveys and plans of the Tangier-Fez 
and other railways; and 474,762 francs for the preserva- 
tion of historical monuments. 


Colombia : The Diario Oficial, Bogota, publishes a Law 
authorising the Colombian Government to make 
ments for improvement works at Tumaco (State of Cauca) 
so that the port will be able to accommodate steamships 
of large draught. When the plans and ifications 
relative to the work have been approved, public tenders 
for the execution of the contracts will be invited both in 
the Republic and abroad. The Diario also contains the 
text of a Law authorising the Government to proceed, 
either by administration or by contract, to reconstruct 
the section of the Pacific Railway between the port of 
Buenaventura and the station of Joré a distance of 
some 37 km. (about 23 miles). These works will not in- 
clude those which the Pacific Railway Company is under 
obligation to undertake by the terms of Article 11 of the 
contract entered into with the Colombian Government on 
January 23, 1908. 


Venezuela: According to the Gaceta Oficial, Caracas, 
tenders were invited by the Venezuelan Ministry of 
Finance up to December 18, 1915, for the leasing of salt- 
lands in the Republic for the year 1916. The minimum 

ice fixed for the lease is 4, 000 bolivars (160,0002.). 

he concessionaire will be allowed to import free of 
Customs duty machinery, sacks, pack-thread, and all other 
materials destined exclusively for the working of the 
salt deposits. 

Argentina: The Boletin Ojicial, Buenos Aires, pub- 
lishes the text of a memorandum, submitted to the 
Argentine Ministry of Public Works by the Directorate of 
the National Sanitation Works Department, showing the 





* Arno, as the results of an analysis of the influence of 
lagging power-factors on the cos, arrived at the con- 
clusion that the equitable cost for 4 wer-factor could 
be estimated by adding one-third output in kilo- 
volt-ampere hours to two-thirds of the output in kilowatt- 
hours. Applying Arno’s rule to the above case, then, if 
0.305d. is an pe mee oe price per kilowatt-hour for unity- 


wer-factor city, the corresponding price for 
Knees 0.7-power-factor electricity would be (0.33 x 1.41 
+ on x 0.305 = 0.347d. 


position of the works being carried out under the Buenos 
Aires Sanitation Scheme, from which statement the 
following particulars have been translated :—The project 
for the sanitation of the Federal capital, authorised by 
Law No. 6385, provided for the execution of all the water 
supply and e works in the Municipality outside 
the temann Radius, as well as the extension and im- 


provement of those within that area. The estimated cost 


of the works in the New Radius amounts to 158,332,939 
, and those in the Old Radius to 10,870,000 


a plan which developed poate, bot by later legislation 
a new plan was approved, ing the approximate 
samt be an t) —_ year a :—44,000,000 
pesos in ; 41,000, pesos in 1915 ; 30,000,000 pesos 
1a 1916; and 14,000,000 pesos in 1917. New works were 
continually being contracted for right up to June, 1914, 
but the financial situation brought about by the effect of 
the pes War pet eh eer a ome = 
every possible way the activity dis: i uen 
the works at the end of 1916 pe on be so far fi 
as had originally been planned. Nevertheless, the vast 
scheme has progressed to such an extent that a large area 
of the Municipality has already derived immerse benefits 
from it. The water supply works :—The water-tower 
and ag an eng and most of the equipment of the 
Palermo Station are already in full working order. 
Eight of the twelve pumping-lines which compri 
the general plan have now ben completed ; the lar, 
reservoir at Caballito is in use, and another at Villa 
Devoto is nearly finished. It was anticipated that by the 
end of 1915 the new works would be distributed 
ye an area - ty hectares — Peg — = 
rainage works: The execution of the principal works 
of the drainage scheme is also in a forward state. 
Of the 45,000 metres over which the new main sewer will 
extend, 26,167 metres are already constructed and in 
working order. Most of the large branches of the main 
sewer are now finished, and only the minor works of the 
scheme, such as the street canalisation works, remain to 
be undertaken. The improvement and extension works 
in the Old Radius have also made great progress. The 
two large pumping-tubes are completed, and the old dis- 
tributing-pipes have renewed over about 50 per 
cent. of the area. Of the total sum of the a ved esti- 
mates of all the works, amounting to 169, 939 pesos, 
the sum of 105,204.403 pesos had been spent up to Sept- 
ember 30 last. The amount assigned for the Octcber- 
December quarter would bring this figure to 111,504,774 
pesos, thus leaving 57,698,165 pesos for the complete 
realisation of the existing general scheme. As regards 
the contemplated works for 1916, the Directorate points 
out that to stop the works contracted for, or to rescind 
contracts, which to-day, more than ever, are beneficial to 
the State, would be disastrous, although the materials 
and machinery to be acquired from Europe would mean 
an increase of 30 or 40 per cent. on the original contract 
prices. The plan of the works for 1916 was approved by 
a Presidential Decree of October 28 last, and represented 
an expenditure of 25,891,818 pesos currency, as shown 
in the following table :— 
For Payment For Payment in 
in London. Buenos Aires 





Palermo Station—Power - plant, £ Pesos currency 
equipment and general works.. 45,000 8,200,000 
Reservoirs at Caballito and Villa 
Devoto - ee es -. 95,000 1,100,000 
Main and distribution pipes es — 6,000,000 
Main sewer and branches. . -- 100,000 5,300,000 
Wilde Station— Building and ma- 
chinery .. ae os -. 60,000 100,000 
General canalisation ‘ian ia — 5,000,000 
Miscellaneous works as i. os 1,870,000 
290,000 22,570,000 
Equivalent of the 290,000/. .. 8,321,818 





Total in | ney currency oa 25,891,818 
eso currency = 1s. 9d. (about). 


The Boletin Oficial, Buenos Aires, publishes a Decree 
approving, with certain modifications, the project 
pared by the Department of Public Works of the Pro- 
vince of San Luis relative to works on the Rio Chuscha, 
to be undertaken in order to prevent further inundations 
of that river in the Department of Cafayate. The 
Argentine Irrigation Department will proceed to carry 
out the necessary works by administration, a sum of 
50,000 pesos currency (about 44001.) being assigned for 
this purpose. 





ALEXANDRIA.—The traffic handled at Alexandria (Gab- 
bary station) during the eight years ended with 1914 was 
as annexed :—1907, 2,493,140 tons; 1908, 2,446,260 tons ; 
1909, 2,195,609 tons ; 1910, 2,219,807 tons ; 1911, 2,524,137 
tons ; 1912, 2,821,601 tons; 1913, 2,568,887 tons; 1914, 
2,057,513 tons. The outbreak of the great war in the 
second half of 1914 affected, of course, the traffic move- 
mentof that year, but business was also restricted by the 
late arrival of cotton and cotton seed from the interior. 
It will be seen that 1912 was the best of the years under 
review. The value of the cotton seed exported from 
Alexandria in 1914 was £E2,298,591, as compared with 
£E3,294,144 in 1913, and £E4,085,822 in 1912. The value 
of the cotton exported from Alexandria in 1914 was 
£E18, 669,448, the corresponding totals for 1913 having 
been £F25,512,293, and for 1912, £E£27,528,507. Deliveries 
to the United Kingdom in 1914 figured for £E7,581,458, 
as compared with £E10,995,774 in 1913, and £E12,571,438 
in 1912. The value of the a machinery im- 

into Alexandria in 1914 was £E302,635, 2s com- 
d with £E246,861 in 1913, and £E166,575 in 
912. Electrical machinery (including gas and petrol- 
driven engines) war imported into Alexandria 
in 1914 to the value of £E153,328; the corresponding 
value in 1913 was £E50,793, and in 1912, £E168,365. The 
aggregate value of the exports from Alexandria in 1914 
was £E23,117,486, as com d with £E30,894,797 in 191 
and £E33,790,256 in 1912. The exports to the Uni 
Kingdom and other British Possessicns figured in 
totals for £E10,129,614 in 1914, £E13,539,940 in 1913, and 
£E16,857,548 in 1912. Rolling-stock for railways and 
tramways and tenders for locomotives were imported in 
1914 to the value of £E91,204, as compared with £E41,949 
in 1913, and £E98,557 in 1912. Sramcoaine were also 
imported in 1914 to the value of £E92, , as compared 
with £E134,447 in 1913, and £E87,527 in 191 








pesos currency, 
pesos. The execution of the works began in 1910, under 
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